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EXECUTIVE SUMMARY

This updated analysis was performed to review the previous Pressurized Thermal
Shock (PTS) evaluation for Palisades and incorporate new data and information that
could affect the date to reach the PTS screening limit in 10CFR50.61. A previous
analysis performed for the Palisades vessel in 2000 determined that the PTS screening
criteria limit of 270°F for weld heat No. W5214 would not be reached until J anuary
2014. That evaluation was based on the fluence projections and weld material
chemistry for weld heat No. W5214 available at that time; no credit was given for
surveillance data to improve the RTprs projection. In the fall of 2009 it became
apparent to Entergy that new information was available that could affect the RTnpt bf
the limiting Palisades vessel beltline material. The new data included revised fluence
calculations and additional surveillance capsules containing weld data matching the |
Palisades vessel beltline materials. This report examines the updated fluence
calculations performed by Westinghouse and all known surveillance data relevant to
the Palisades reactor presSﬁre vessel weld heat numbers W5214 and 27204. The scope
of this new evaluation includes all of the materials located in the Palisades reactor
vessel beltline region. This report ié an extension of the earlier Structural Integrity
Associates Report that only evaluated weld heat No. W5214 [5]. Using the revised
fluences and chemistry factors based on the refitted surveillance data for limi’ting weld
heat No. W5214, this re-evaluation shows that the projected date to reach the PTS
screening criteria limit using the surveillance weld data would be approximately April
2017 or later. Revised chemistry factors based on surveillance capsule results were
also calculated for weld heat No. 27204 and plate heat No. C-1279. This further
evaluation of PTS confirms thaf the limiting vessel beltline material in the Palisades

reactor vessel for evaluation of PTS remains the axial weld heat No. W5214.
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1.0 INTRODUCTION

The PTS Rule in 10CFR50.61 [1] specifies that all PWRs must monitor the reactor vessel beltline
materials for comparison to the PTS screening criteria limits of 270°F for axial weld and base

metal, and 300°F for circumferential welds.

The Palisades Nuclear Plant submitted to NRC a Pressurized Thermal Shock (PTS) evaluation in
2000 that projected the value for RTprs, or maximum Adjusted Reference Temperature (ART) of
the limiting vessel weld or plate, based on the calculated fluences and material properties available
at that time [2]. These inputs to the PTS Rule eqﬁations were used to calculate RTpfs, and the
Palisades vessel was projected to reach the screening criterion limit 6f 270°F for the limiting axial
weld (heat no. W5214) in January 2014. Since the time that the previous PTS evaluation was
performed for‘the Palisades vessel, ten years have passed and more data and information are
available now to update the projected RTnpt value for the limiting Palisades vessel beltline
material. This evaluation is being performed as a part of Palisades” TLAA process under 10 CFR

54.21 (c)(1)(i11) for the NRC approved license renewal application.

The PTS Rule establishes the following requirements forall domestic, operating PWRs:

o All plants must submit projected values of RTprs for reactor vessel beltline matérials. The
PTS submittal must be updated whenever there are changes in core loadings, surveillance
measurements or other information that indicates a significant change in projected R Tprs
values.

e The submittal must include the following: ,

1. The basis for the projection (including assumptions regarding core loading pattern)

2. Copper and nickel content and fluence values used in the calculations for each of
the vessel beltline materials (if those values differ from those previously submitted
to the NRC, justification must be provided).

e All values of RTprs must be verified to be boundiﬁg values for the specific reactdr vessel.
In doing so, each plant should consider plant-specific information that could affect the level

of embrittlement.
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The PTS Rule provides two methods for calculating the adjusted reference temperature of the
reactor vessel beltline materials. The first method is described in 10CFR50.61, paragraph (c)(1)
and uses the copper and nickel chemistry to determine a chemistry factor. The second method is
described in 10CFR50.61, paragraphs (c)(2) and (c)(3), for use of surveillance data. These
procedures can only be applied when two or more credible data sets become available. Both

methods have been used to update the PTprs values for the Palisades vessel.

2.0 TECHNICAL APPROACH

Pressurized Thermal Shock (PTS) is a condition that could challenge the integrity of the
reactor pressure vessel (RPV). PTS may occur during a severe transient such as a Loss of
Coolant Accident (LOCA) or a steam line break. Such transients can challenge the RPV

integrity under the following conditions:

e Severe overcooling of the inner surface of the RPV followed by high
repressurization '

¢ Radiation embrittlement of RPV materials causing a shift in the nil-ductility
reference temperature and a decrease in the fracture toughness as measured by the
material parameter RTprs.

e Presence of a flaw/defect of a critical size in the vessel wall

The RTprs values obtained from this evaluation are compared against the PTS screening limits for
plates, forgings and axial welds, and circumferential welds to justify the continued operation until
the End-of-Life-Extended (EOLE) fluence is achieved. The PTS screening criterion is 270°F for

_plates, forgings, and axial weld materials, and 300°F for circumferential weld materials.

The materials used to fabricate the Palisades vessel, the associated best-estimate copper (Cu)
“and nickel (Ni) chemistries, the corresponding chemistry factors as well as the method used to

calculate the chemistry factor, and the corresponding RTprs values from the previoué PTS

submittal [2] are documented in Table 1 for the current operating license expiration date

(March 24, 2011). The estimated date to reach the PTS screening criteria limit was previously
- determined to be January 2014, as shown in Table 2. This date has been reevaluated using

updated fluence and materials data to determine revised projections to reach the PTS screening
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criteria limit. The guidance provided by the NRC Staff for the use of surveillance capsule data
for determining chemistry factors (as published in Reference 6) has been implemented in this

evaluation.

3.0 RTprs CALCULATION METHOD

RTprs must be calculated for each beltline material using a fluence value, £, which is the EOLE
fluence for the material. RTprg has been evaluated using the same procedures used to calculate
RTnpr, as indicated in paragraph (c)(1) of Reference 1, except that the fluence values at the

clad/base metal interface is used instead of the 1/4T fluence. The RTprs is evaluated using the

following equation:

RTprg :RTNDT(U) + M+ ART | (1)
ART, =CF xFF 2)
where:
RTvpray = Reference temperature of nil ductility transition for the unirradiated
material ‘ ‘
M = Margin term to cover for uncertainties in the value of initial RTypT and

‘the scatter in the shift

Margin=2*.\/c} + O'z : 3)

oy = the standard deviation lfor the initial RTypr (°F). For. non-Linde 80 type welds,
if a generic initial RTnpr value is used, o1 = 17°F, if a measured value is used
for the initial RTnpr, 61 = 0°F

o4 = the standard de‘viation'for ARTnpr (°F). The values for 6, are 28°F fo_r welds
and 17° for base metal (plates or forgings)

ARTprs = the mean value of the transition temperature shift due to irradiation, and

FF = fluence factor = f***~*!0l¢ ()
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where:

. 7
f = Neutron fluence, in units of 10" n/em® (E > 1 MeV), at the clad/base metal

interface, and

CF = Chemistry factor in °F, which is a function of the copper and nickel content,
obtained from either the tables or a fitted CF value from surveillance data.
10 CFR 50.61 [1] states that 6, need not exceed 0.5 times the mean reference temperature shift
(0.5* ARTnpt), or the standard value of 6, of 28 °F for welds and 17 °F for base metal (plates or
forgings), whichever is lower. Note: the margin term, M, may be reduced by half if credit is

obtained for credible surveillance data.

4.0 FLUENCE PROJECTIONS AND FLUENCE METHODOLOGY

Westinghouse performed a detailed fluence evaluation of the Palisades vessel in 2000 [3]. This -
previous evaluation determined that the peak fluence at the clad-to-base-metal interface at the
60° locati(;n of the limiting axial weld was 1.158x10'"° n/cm® (E > 1 MeV) at the end of Cycle 14
(1.e., October 1999). That evaluation provided the basis for fluence projections in the vessel
through the end of license (EOL) period of March 24, 2011. A linear projection Qf fluence
beyond EOL showed that the Palisades vessel could operate within the PTS screening criteria .
limit through January 2014 (as shown in Figure 1). Since December 1999, the Palisades plant
has been operating with an Ultra-Low Leakage core strategy and stainless steel shielding of the
limiting vessel weld at 60° azimuthal angle. The reactor vessel fluence reduction associated with the
Ultra-Low Leakage core design requires that the flux suppression assemblies be loaded in specific core
design locations and oriented with the stainless steel rods facing the reactor vessel. This configuration
has been maintained to minimize flux at the limiting vessel weld location. It was observed that the
. flux at the limiting weld location may vary slightly from cycle to cycle because of limitations in
the core loading patterns for each fuel reload. Recognizing that the flux and operating history of
the Palisades plant may have changed over the(years from the earlier projections, Westinghouse
performed an updated fluence assessment for the Palisades vessél beltline region in 2010 [4].
This revised fluence evaluation provided an updated fluence assessment for the vessel beltline

region that included cycle specific analyses for known core configuration through operating
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Cycles 15 through 21, and projections for. future operation based on the best available knowledge
as a function of EFPY. The calculated and projected neutron fluence values for the limiting 60°
Weld location and the peak (75°).fluence location are given in Table 3 [4]. The projected fluence
values at the EOLE date bf March 24,2031 is shown in Table 4. Note: the cycle specific
pfoject’ions for the designs of Cycle 21 and beyond were provided by Entergy and include an

assumed load factor of 95% for future plant operation.

The calculated fluences in the vessel were interpolated to.determine tl/le limiting axial weld and
peak (60° and 75°) fluences for the end of license renewal date of March 24, 2031 as shown in

Table 4.

5.0 . REVISED VESSEL MATERIAL PROPERTIES

The Palisades reactor vessel consists of the following beltline region materials [2, 20]:

e Intermediate Shell, Axial Welds 2-112 A/B/C, material heat No. W5214,

e Lower Shell, Axial Welds 3-112 A/B/C, material heat No. W5214 and 34B009,

e Intermediate to Lower Shell‘, Circumferential Weld 9-112, material heat No. 27204,
. o Intermediate Shell, Plate D-3803-1, material heat No. C-1279, '

e Intermediate Shell, Plate D-3803-2, material heat No. A-0313,

¢ Intermediate Shell, Plate D-3803-3, material heat No. C-1279,

e Lower Shell, Plate D-3804-1, material heat No. C-1308A,

e Lower Sheil, Plate D-3804-2, material heat No. C-1308B,

e  Lower Shell, Plate D-3804-3, material heat No. B-5294.

5.1 Weld Heat No. W5214 - '

Weld heat no. W5214 was used in the intermediate shell axial welds 2/112A/B/C. The limiting
vessel beltline material for PTS Was determined to be the welds made from weld heat No. W5214
at the 60° azimuthal location [2]. Previously this weld was projected to reach the PTS screening
criterion in January 2014, before any other beltline region material. This determination considered
the fluence analyéis and felevant surveillancev data available at that time. In particular, seven

surveillance capsules containing weld heat No. W5214 were evaluated, the data fitted to determine -
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arevised CF value. However, the previous results were not used to adjust the RTprs value becguse

the data were deemed to be non-credible [12].

A more accurate determination of the vessel beltline materials was recently performed to consider
- additional surveillance data, revised fluences, and other available information that could improve
the embrittlement predictions for the limiting weld material. A more complete evaluation of the
surveillance data for weld heat no. W5214 is given in Reference 5. The results of that study are

summarized here.

5.1.1 Surveillance Data for Weld Heat No. W5214

Surveillance cépsule data from eleven capsule reports were found to contain this weld heat. These
data were obtained fr(?m the Palisades supplemental vcapsules, and additional data from H. B.
Robinson 2, Indian Point Unit 2, and Indian Point Unit 3 was evaluated using the credibility
requirements in 10CFR50.61. The NRC guidance for evaluation and use of other plant’s
surveillance data is contained in Reference 6. The data were adjusted to account for difference in
specimen chemistry and pl.;nt operating temperatufes, and the irradiated Charpy shift results were
fitted using the least squares fit relation given in Equation (4) [6]. |

2": [A,x ':w-momm]

cr - I ' @)

f ["ma - 0.20 tog ra]
i=1 '

where "n" = the number of surveillance data points, _
"A{"' = the measured value of AT3 from the Charpy specimens, and

"f{'=the fluence for each surveillance capsule data point.

The results of this evaluation are given in Table 5 and the results are plotted in Figure 2. It is noted
thlat the fitted CF value = 227.74°F for weld heat no. W5214. Further analyses based on Palisades
surveillance data only showed that the two plant-specific data points yield a lower CF value with a
scatter from a mean fit less than 28°F (i.e., within the range for credible data); however, these
results for weld heat No. W5214 have not been credited since all surveillance data were used to

develop a revised CF value as given above.
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5.2 Weld Heat No. 27204

In the September 1998 RAI rééponse [12], the best estimate chemistry for weld heat No. 27204
was reevaluated. A study performed by the Combustion Engineering' Owners Group (CEOG), CE
NPSD-1039, Rev. 02 [7], determined the best estimate chemistry values of 0.203% Cu and 1.018%
Ni for welds fabricated with weld wire heat number 27204. Given that the values reported in CE
NPSD-1039, Rev. 02 are comparable to those that had been calculated previously, it was ,
concluded the best estimate chemistry for the Palisades reactor vessel beltline welds fabricated
with weld wire heat number 27204 is 0.203% Cu and 1.018% Ni as reported in CE NPSD-1039,
Rev. 02. Using Table 1 in. 10CFR50.61, a chemistry factor (CF) of 226.8°F was determined based
on the best estimate chemistry for the surveillance data for Weld Heat No. 27204.

5.2.1 . Surveillance Data for Weld Heat No. 27204

The previous analysis of surveillance data for weld heat No. 27204 [12] included only two
capsule data points from Diablo Canyon Unit 1, Capsule S [8] and Capéule Y [9]. That
analysis performed a least-squares fit to the surveillance data results and determined the data to
not be cre’dible because the scatter exceeded the allowable scatter for credible surveillance data
(e, lc > 28°F). Since then, two new data surveillance data points were obtained from the
Palisades supplemental capsules SA-60-1 [10] and SA-240-1 [11] and one from Diablo Canyon
Unit 1, Capsule V [25]‘.. The surveillance data results for the capsules containing weld heat No.
27204 are shown in Appendik B. Itis noted that the Charpy V-notch test data had been fitted
with the TANH function_ to determine the AT3g, or RTnpr shift values. The measured RTnpr
_shift values from the fitted surveillance capsules were considered for projection of
embrittlement in the Palisades vessel weld. The two (2) surveillance capsulbes frofn Palisades
were found to be credible. The Palisades supplemental surveillanpe data were combined with
the Diablo Canyon 1 surveillance data and the results are shown in Table 6. The analysis of the
surveillance data was performed using Case 4 of the NRC guidance, “Surveillance D’ata from
Plant and Other Sources” [6]. Adjustments were made to the measured shift values to account
for chemistry differences and temperature differences between the capsules and the véssel, as

shown in Table 6. The irradiation temperatures for the Diablo Canyon Unit 1 capsules were
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obtained from Refergnce 27. Using the least-squares fitting method in Eq. (4), a fitted CF value -
of 216.13°F was obtained for weld heat No. 27204 for application to the Palisades
circumferential weld, 9-112. A discussion of data crédibility for weld heat No. 27264 is given

in Appendix A. A plot of all the capsule data for weld heat No. 27204 is shown in Figure 4
along with the 1-sigma (28°F) scatter bound for weld materials. These additional surveillance
capsule data were included for completeness. As a result, the (measured — predicted) scatter for
the surveillance data was found to fall within the 28°F band rendering the data to be credible

~ and applicable to improve the projected RTprs value for the circumferential weld by taking

advantage for the reduced margin term, as discussed in Appendix B.

53 Weld Heat No. 34B009

The technical basis for the weld heat No. 34B009 material properties has been reviewed and no
changes are proposed. This technical basis-has been reviewed and approved by the NRC as a part
of the Palisades Safety Evaluation Report [20]. In examining the basis, it was noted that

CE NPSD-1039, Rev. 02 specifies bést estimate values 0f 0.192% Cu and 1.038% Ni for weld
fabricated with weld wire heat No. 34B009 [7]. In the submittal dated September 8, 1998, it was
determined that a copper value of 0.192% is the best estimate value for the welds made from heat
No. 34B009 in the Palisades vessel [12]. However, it was also determined at that time that the
best estimate chemistry value for nickel recommended in CE NPSb-1039, Rev. 02 for nickel
addition welds could not be endorsed for the Palisades vessel welds. The value of 1.038% Ni was
determined by finding the mean of 144 nickel measurements. It was noted that 45 of those
measurements were from the retired Palisades steam generators, and the calculated mean was
dominated heavily by just two welds. A new evaluation of the nickel content using a coil- \
weighted averagé was performed by the CEOG in “Updated Analysis for Combustion
Engineering Fabricated Reactor Vessel Welds Best Estimate Copper and Nickel Content,” CE

- NPSD-1119, Revision 01, July 1998 [13]. The best estimate value of 1.007% nickel derived
using a sample weighted mean was considered a technicaHy superior approach to that used in CE
NPSD-1039, Rev. 02. Further studies were performed after the CEOG work was completed in
order to establish the best estimate nickel value to be used for this weld in the Palisades vessel.

These were described in Reference 14. 10CFR50.61(C)(1)(iV)(A) states “For a weld, the best
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estimate values will normally be the mean of the measured values for a weld deposit made using
the same Weldl wire heat number as the critical vessel weld.” The concept of determining the best
estimate nickel from all nickel addition welds made from the same heat is a reasonable technical
assumption. The multiple measurements of nickel from samples of weld heat No. 34B009 were
averaged (i.e., average of the averages) to obtain the mean nickel value, as shown in Table 7 [14].
Therefore, the best estimate value ofJ0.98% Ni reported in the December 20, 1995 and November
17, 1995 submittals [14, 15] is considered more representative of the best estimate for nickel
provided in CE NPSD-1119, Rev.' 01. It was concluded that the best estimate chemistry for the
Palisades reactor vessel beltline welds fab.ricated with weld wire heat No. 34B009 (with nickel
addition) 1s 0.192% Cu and 0.98% Ni. Using Table 1 ih 10CFR50.61, a chemistry factor (CF) of
217.7°F was determined based on the best estimate chemistry for this weld. Thué, there is no

change from the previously reported values for this weld.
53.1 Surveillance Data for Weld Heat No. 34B009

The only surveillance program results known to contain weld wire heat No. 34B009 are from the
Millstone 1 reactor vessel. These data were evaluated previously and found to not have relevance
to Palisades because Millstone 1 is a Boiling Water Reactor [12]. No further analysis of the

surveillance data for this weld heat was performed.

54 Vessel Beltline Plate Materials

The reported copper and nickel chemistry values and calculated chemistry factors for the beltline
plates are shown in Table 1. There is no additional capsule data for the Palisades vessel beltline
plate materials. However, there is new fluence data for the Palisades surveillance capsules
containing the surveillance plate heat No. C-1279. The Palisades surveillance cai)sules
contéining base metal include A-240 [21], W-290 [22], W-110 [23], and W-100 [26]. The
Charpy test results and the evaluated ATs, shift values from these capsule test reports are given
in Appendix C. Updated surveillance capsule fluence values were 6btained from WCAP-15353,
Supplement 1 [4], and the least-squares.ﬁt to the data using the revised fluence values is given in

Table 8. The least-squares fit to these data is determined to be CF = 147.71°F ,and'a plot of the
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data and fitted results is given in Figure 5. However, it is observed that three data points fall
outside the 1-sigma bound and one data point falls outside the 2-sigmé bound for plate materials
and, therefore, the data were determined to not be credible and a fitted CF value should not be
used for projections of the vessel RTprs for the beltline plates with the same heat number. The
projection of RTprs for the vessel beltline plates made from plate heat No. C-1279 used a CF
value of 157.5°F (from the Reg. Guide 1.99, Rev. 2 tables) and a ful_l margin term of 34°F.

6.0 DISCUSSION

Additional surveillance capsule data and fluence calculations were considered that could affect the
projection of embrittlement in the Palisades vessel beltline materials. The results have been
evaluated to determine the effect on the date to reach the PTS screening criteria limit for the
materials with the highest RTprs values. These are the axial weld heat No. W5214 at the 60°F
azimﬁthal locations; and weld heat No. 27204 with a peak fluence at the 75° azimuthal location.
The projected date for the limiting axial weld 'Lo reach the PTS screening criteron limit of 270°F is
shown in Table 9 based on a maximum fluence for this locations of 1.685x10" n/cm?. The date to
reach this limit is April 2017, as has been confirmed by the evaluation of surveillance data for
weld heat No. W5214 in Reference 5. The next closest material to the PTS screening criterion is
axial weld heat No. 34B009. For the circumferefftial weld heat No. 27204, using a fitted CF value
0f 216.13°F based on surveillance data with a 1-sigma margin term (i.e., 44°F) and revised
projections of fluence in the vessel [4], the maximum fluence for the circumferential weld to
remain below the PTS screening criterion limit of 300°F is determined to be 6.24x10" n/cm? (see
Table 12). Table 10 shows the updated RTprs values for all the vessel beltline materials at the
EOLE date of March 24, 2031, including use of best available data and revised fluence
calculations for the Palisades reactor pressure vessel. Table 11 shows how tﬁe maximum fluence
value for the axial weld at the 60° location was determined. Similarly, Table 12 gives the details
for estimating the maximum (peak) fluence in the circumferential weld at the 75° location. New
data has been included for the Palisades vessel beltline materials, and the results shown in Table 10
confirm that the limiting vessel beltline material for PTS is the axial weld made from heat No.
W5214. This analysis provides the basis to assure that the Palisades vessel remains below the

limits defined in 10CFR50.61 through April 2017 or beyond.
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7.0 CONCLUSIONS -

The results for all available surQeillance' capsules have been evaluated. for applicability to the .
Palisades limiting vessel welds. A thorough examination of the use of surveillance data for weld
heat No. W5214 was previously performed for the limiting axial welds [5].” The results of that
study have been confirmed to be the applicable for the limiting beltline material since the other
weld and base materials would not overtake this weld. Updates to the surveillance capsule
fluences and the projected fluence in the Palisades vessel were also reviewed and included in

~ these analysés. The methods of 10CFR50.61 were applied including options for considering the
effects of surveillance data on the projected RTnpr values. Reference 5 showed that by using
Position 1 of the PTS Rule (without the use of surveillance data), fhe projected date to reach the
PTS screening criteria limit would be as late as July 2014. To summarize the results from
Reference 5, use of the weld heat No. W5214 surveillance data can improve the projections of
embrittlement and significantly changes the date to reach the screening criteria limit. Since weld
heat No. W5214 is currently identified as the limiting material; the projections for RTprs using
the Palisades supplemental surveillance data show that the PTS screening criteria limit of 270°F
would not be reached until after 2034 if the data were fully credible; however, other vessel
beltline materials would become limiting and that would change that date. By comparison,
considering an evaluation of the surveillance data available from the plant and other sources, the
surveillance data results for weld heat No. W5214 were shown to be credible for determination
of the CF value, but the scatter in the data would not permit a reduction in the margin term. |
~ Using all the available weld heat No. W5214 surveillance data, a CF value of 227.74°F was ‘
determined for limiting axial weld and a projected date to reach the screening criteria limit of
approximately April 2017 (or later) was estimated. The other vessel beltline materials have been
shown to be less sensitive to neutron irradiation effects, so the April 2017 date is the revised
projeéted RTprs limiting date for the Palisades vessel to stay below the screening criteria limits in
10CFR50.61. Palisades plans to inspect the reactor vessel beltline region in 2012, following
which, the results of the NDE will be used to perform a new PTS evaluation to ensure that the
reference toughness values per 10CFR50.61a [24] are satisfied throughout the period of extended

* operation.
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Table 1: Palisades Vessel Beltline Material Froperties on Operating License Expiration Date (3/24/11) (from Ref. 2)

0.55

CF Surface RTnor{U) | RTnor Shift | Margin |  RTers
(]) | Fluence (F) (°F) (F) (°F)
RPV Material Heat No. Cu% Ni% ~(E19) FF

Axial Weld 2-112A/B/C | W5214 0.213 1.01 231.08 1.492 1.111 -56 256.7 65.5 266
W5214 0.213 1.01 231.08 1.492 1.111 .56 256.7 655 | 266

Axial Weld 3-112A/B/C .
‘ 34B009 0.192 0.98 217.7 1.492 1.111 .56 241.8 65.5 251
Circ Weld 9-112 27204 0.203 1.018 226.8 2.061 1.197 .56 271.5 65.5 781
Plate D-3803-1 C-1279 0.24 0.50 1533 2.061 1.197 5 183.5 17 195
Plate D-3803-2 A-0313 0.24 0.52 160.4 2.061 1.197 -30 192.0 34 196
Plate D-3803-3 C-1279 0.24 0.50 153.3 2.061 1.197 -5 183.5 17 195
Plate D-3804-1 C-1308A 0.19 0.48 128.8 2.061 1.197 0 154.2 34 188
Plate D-3804-2 C-1308B 0.19 0.50 131 2.061 1.197 -30 156.8 34 161
Plate D-3804-3 B-5294 0.12 82 2.061 1.197 225 98.2 34 107

Table 2. Original Estimated Date for Weld Heat No. W5214 to Reach PTS.Screening Criterion Limit (RTprs = 270°F)*

CF Surface* RTNDT(U) RTNDT Shift Margin RTst
(p | Fluence (F) (F) (°F) (°F)

RPV Material Heat No. Cu% Ni% _ (E19) FF
Axial Weld 3-112A/B/C w5214 0.213 1.007 231.08 1.584 1.127 -56 1260.5 65.5 270

*Limiting weld heat no. W5214 w/original projected fluence and CF (Estimated date to reach PTS screening criterion limit = January 2014) [2]
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Table 3. Calculated Clad-to-Base Metal Interface Fluence in Palisades Vessel [4]

End of Estimated Cumulative Fluence (n/cm~2, E > 1 MeV)*
Fuel Calendar Time .
Cycle Date (EFPY) 60° 75°
21 10/2010 234 1.472E+19 2.157E+19
22 4/2012 24.7 1.520E+19 2.252E+19
23 10/2013 26.1 1.571E+19 2.345E+19
24 4/5/2015 27.4 1.619E+19 2.433E+19
25 10/2016 28.8 1.670E+19 2.527E+19
26 4/2018 30.2 1.721E+19 2.621E+19 -
27 .10/2019 315 1.772E+19 2.714E+19
28 4/2021 32.9 1.823E+19 2.808E+19
29 10/2022 34.3 1.874E+19 2.902E+19
30 4/2024 35.7 1.925E+19 2.995E+19
31 10/2025 37.1 1.976E+19 3.089E+19
32 4/2027 38.4 2.027E+19 3.182E+19
33 10/2028 39.8 2.078E+19 3.276E+19
34 4/2030 41.2 2.129€+19 3.370E+19
35 .10/2031 42.6 2.180E+19 3.463E+19
36 4/2033 44.0 2.231E+19 3.557E+19

*Source WCAP-15353-Supplement 1-NP, Rev. 0 [4]
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Table 4. Calculated Fluence at End of License Renewal Date (March 24, 2031)

Estimated :):;;Tr\‘;\zleelzt* Peak Fluence*
Calendar Date @60° @75
End of Cycle 34 4/1/2030 - 2.129E+19 3.370E+19
Start of Cycle 35 5/1/2030 2.129E+19 3.370E+19
6/1/2030 2.132E+19 . 3.375E+19
7/1/2030 2.135E+19 3.381E+19
8/1/2030 2.138E+19 3.386E+19:
© 9/1/2030 2.141E+19 3.392E+19
10/1/2030 2.144E+19 3.397E+19
11/1/2030 2.147E+19 3.403E+19
1 12/1/2030 2.150E+19 3.408E+19
1/1/2031 2.153E+19 3.414E+19
2/1/2031 2.156E+19 3.419E+19
3/1/2031 2.159E+19 3.425E+19
" EOLE Date 3/24/2031 2.161E+19 3.429E+19
4/1/2031 2.162E+19 3.430E+19
5/1/2031 2.165E+19 3.436E+19
6/1/2031 2.168E+19 3.441E+19
7/1/2031 2.171E+19 3.447E+19
8/1/2031 2.174E+19 3.452E+19
. 9/1/2031 2.177E+19 3.458E+19 .
End of Cycle 35 10/1/2031 2.180E+19 3.463E+19

*Source WCAP-15353-Supplement 1-NP, Rev. 0 [4]
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Table 5. Evaluation of all Surveillance Capsule Results Containing Weld Heat No. W5214 [5]

Measured Ratio Chem. &
Table Revised | Fluence | Irrad. |(Refitted)| Adjusted | Temp. Adj. | Predicted |Adjusted -
Capsule %Cu %Ni CF (F) Fluence Factor | Temp. | ARTndt ARTndt ARTndt ARTndt | Predicted
: [ (n/cm"2) FF Ti (F) (F) -~ (F) (F) (F) (F)
SA-60-1 0.307 1.045 266.5 1.50E+19 1.11 535 259 224.2 224.0 253.3 -29.27
SA-240-1] 0.307 1.045 266.5 2.38E+19 1.23 535.7 280.1 242.5 243.0 281.0 -38.00
HB2T 0.34 0.66 217.7 3.87E+19 1.35 547 289.1 306.4 318.2 307.2 10.97
HB2V 0.34 0.66 217.7 5.30E+18 0.82 547 208.8 221.3 . 233.1 187.3 45.75
HB2 X 0.34 0.66 217.7 4.49E+19 1.38 547 265.6 281.5 293.3 314.4 -21.14
P2V 0.20 1.03 226.3 4.92E+18 0.80 524 197.5. 201.4 190.2 182.7 7.48
IP2Y 0.20 1.03 226.3 | 4.55E+18 0.78 529.1 193.9 197.7 - 191.6 . 177.8 13.77
IP3T 0.16 1.12 206.2 2.63E+18 0.64 539.4 149.8 - 167.6 171.8 145.0 26.81
iP3Y 0.16 1.12 206.2 6.92E+18 0.90 539.5 171.1 1915 195.8 2042 | -8.48
IP32 0.16 1.12 206.2 1.04E+19 1.01 538.9 228.3 255.5 2592 230.2  28.92
IP3X 0.16 1.12 206.2 8.74E+18 0.96 539.7- 192.5 215.4 219.9 219.1 0.76
Vessel Best Estimate CF=| 230.73 MeanT=| .535.2
| | 2 Least Squares Fitted CF=|  227.74
|
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Table 6. Evaluation of Surveillance Capsule Results Containing Weld Heat No. 27204

Ratio Chem. &
Table | Revised | Fluence Irrad. Measured Adjusted [Temp. Adj.| Predicted Adjusted -
Capsule %Cu - %Ni CF(F) | Fluence | Factor Temp. ARTndt ARTndt ARTndt ARTndt Predicted
(n/cm”2) FF Ti (F) (F) (F) (F) (F) (F)
CAP Y {DCPP) 0.198 -| 0.999 222.26 | 1.05E+19 1.01 542 232.59 237.3 244.1 219.1 25.06
CAP S (DCPP) 0.198 0.999 222.26 | 2.84E+18 0.66 544 110.79 113.1 121.9 - 141.8 -19.97
SA-240-1(PNP)| 0.194 1.067 227.8 | 2.38E+19 1.23 535.7 267.8 266.7 267.2 266.7 0.49
SA-60-1 (PNP) 0.194 1.067 227.8 | 1.50E+19 111 © 535 253.1 252.0 251.8 240.4 11.43
CAPV (DCPP) 0.198 0.999 222.26 | 1.37E+19 1.09 541.5 201.07 205.2 211.5 235.0 -23.56
Vessel Best Estimate CF = 226.8 MeanT=| 535.2
| . . : " Least Squares Fitted CF=| 216.13
Table 7. Weight Percent Nickel in Heat 34B009 Welds [14]
Sample Description Average Ni%
Millstone 1 Surveillance Weld : 1.05
{
H.B. Robinson 2 Torus-Dome Weld 0.80
Palisades Steam Generator Weld 1.09
: . Mean Value 0.98
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Table 8. Evaluation of Surveillance Capsule Results Containing Plate Heat No. C-1279

Capsule Measured | Predicted Measured -
Material I1.D. Capsule fluence* FF ARTndt ARTndt Predicted
‘ (n/cm?) . (°F) (°F) ARTndt

. . (OF)
D3803-1 (Longitudinal) A-240 [21] 4.09E+19 1.361 205.0 201.0 4.0
D3803-1 (Transverse) A-240 [21] 4.09E+19 1.361 205.0 201.0 N 4.0
D3803-1 (Longitudinal) | \W-290 [22] 9.38E+18 0.982 155.0 | 1451 9.9
D3803-1 (Transverse) | W-290[22] 9.38E+18 0.982 175.0 145.1 , 29.9
D3803-1 (Longitudinal) |  W-110 [23] 1.64E+19 1.136 180.0 | 167.9 12.1
D3803-1 (Transverse) W-100 [26] 2.09E+19 1201 142.5 177.3 -34.8
D3803-1 (Longitudinal) | W-100 [26] 2.09E+19 1.201 159.1 177.3 -18.2

Fitted CF = 147.71

*Revised fluence values from WCAP-15353, Supplement 1-NP [4]
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Table 9. Calculation of PTS Limit Date Based on Limiting Fluence for
Axial Weld Heat No. W5214 @ 60° Location

Neutron
Date Fluence @ 60°
n/cm? (E > 1 MeV)
November 2016 1.670E+19
December 2016 1.673E+19
January 2017 1.676E+19
February 2017 1.679E+19
March 2017 1.682E+19
April 2017 1.685E+19*
May 2017 1.688E+19
June 2017 1.691E+19
July 2017 1.694E+19
August 2017 1.697E+19
September 2017 1.700E+19
October 2017 1.703E+19
November 2017 1.706E+19
December 2017 1.709E+19
January 2018 1.712E+19
February 2018 1.715E+19
March 2018 1.718E+19
April 2018 1.721E+19

* Maximum fluence limit = 1.685x10"° n/cm” using revised fluence and W5214 surveillance
data with fitted CF = 227.74°F and full (2-sigma) margin term

Note: Further analyses based on Palisades surveillance data only showed that the date to reach
the PTS screening limit could be beyond April 2017 [S]. However, these capsule results for
weld heat No. W5214 have not been fully credited since all surveillance data were used to
develop a revised CF but without a reduced margin term.
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Table 10: Palisades Vessel Beltline Material Properties on Extended Operating License Expiration Date (3/24/31)

: Surface . .
RPV Material Heat No. Cu% Ni% SF Fluence FF RTNODT(U) RTND: Shift M::rgm RI"TS
(°F) (°F) (°F) (°F) (°F)
, (E19)
Axial Weld 2-112A/B/C w5214 0.213 1.007 227.74* 2.161 1.209 -56 275.4 65.5 284.9
W5214 0.213 1.007' 227.74%* 2.161 1.209 -56 275.4 65.5 284.9
Axial Weld 3-112A/8B/C
34B009 0.192 0.98 217.7 2.161 1.209 -56 263.2 65.5 272.7
Circ Weld 9-112 27204 0.203 1.018 216.13* 3.429 1.322 -56 285.7 44 273.7
Plate D-3803-1 C-1279 0.24 0.50 157.5 3.429 1.322 -5 209.5 34 238.5
Piate D-3803-2 A-0313 0.24 0.52 160.4 3.429 1.322 -30 212.0 34 216.0
Plate D-3803-3 C-1279- 0.24 0.50 157.5 3.429 1.322 -5 209.5 34 238.5
Plate D-3804-1 C-1308A 0.19 0.48 128.8 3.429 1.322 0 170.3 34 204.3
Plate D-3804-2 C-13088B 0.19 0.50 131 3.429 1.322 -30 173.2 34 177.2
Piate D-3804-3 B-5294 0.12 0.55 82 3.429 1.322 - -25 108.4 34 117.4

* Fitted CF values based on use of plant-specific surveillance data from all available sources
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Table 11. Revised Estimated Date for Weld Heat No. W5214 to Reach PTS Screening Criterion Limit (RTp1s = 270°F)

—-

CF Surface RTuor(U) | RTaor Shift | Margin | RTers
(g | Fluence ~ °F) °F) (°F) (°F)
RPV Material Heat No. Cu% Ni% (E19) FF
Axial Weld 3-1124/C | ws214 0.213 1.007 | 227.74 1.685 1.144 .56 260.5 65.5 270

* Limitihg weld heat no. W5214 w/revised fluence and CF value (Estimated date to reach PTS screening criterion limit = April 2017) [5]

5

Table 12. Revised Estimated Date for Weld Heat No. 27204 to Reach PTS Screening Criterion Limit (RTprs = 300°F)*

CF Surface RTaor(U) | RTaor | Margin |  RTers
(g) | Fluence® (°F) | shift (°F) |  (°F) (°F)

RPV Material Heat No. Cu% Ni% (E19) FF
Circ Weld 9-112 27204 0.203 1.018 | 216.13 6.24 1.444 -56 312.2 44 300

*Weld heat no. 27204 projected fluence to reach PTS screening criteria limit = 300°F (Estimated date > March 2031)
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Figure 1. Projected Fluence at Limiting Vessel Axial Weld (60°) Using Previous
Palisades Vessel Fluence Calculation (from Reference 3)
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Appendix A -

DATA CREDIBILITY ASSESSMENT FOR WELD HEAT NO. 27204
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- DATA CREDIBILITY ASSESSMENT FOR WELD HEAT NO. 27204

The purpose of this evaluation is to apply the credibility requirements in 10CFR50.61 to the
Palisades, and Diablo Canyon 1 surveillance capsule data and to determine if the surveillance
capsule data is credible and can be used to improve the RTnpr predictions for the vessel
circumferential weld heat No. 27204.

10CFR50.61 describes general procedures acceptable to the NRC staff for calculati’hg‘ the effects
of neutron radiation embrittlement of low-alloy steels currently used for light-water-cooled
reactor vessels. 10CFR50.61 provides two methods for calculating the adjusted reference
‘temperature of the reactor vessel beltline materials. The first method is described in paragraph
‘ (c)(1). The second method is described in paragraphs (c)(2) and (c)(3). The procedures in
paragraphs (c)(2) and (c)(3) can only be applied when two or more credible surveillance data sets
become available.

NRC provided additional guidance for evaluation and use of surveillance data in Reference 6.
The evaluation presented herein is organized like Case 4 from this guidance document, the case
for plants with surveillance data for their plant and from other sources.

Credibility Evaluation:

Criterion 1:  The materials in the surveillance capsules must be those which are the
controlling materials with regard to radiation embrittlement.

" The beltlme region of the reactor vessel is defined in Appendix G to 10 CFR 50 “Fracture
Toughness Requirements” as follows:

“the reactor vessel (shell material including welds, heat affected zones, and plates or
forgings) that directly surrounds the effective height of the active core and adjacent
regions of the reactor vessel that are predicted to experience sufficient neutron radiation
damage to be considered in the selection of the most limiting material and regard to
radiation damage.” l

The Palisades reactor vessel consists of the following beltline region materials:

e Intermediate Shell, Axial Welds 2-112 A/B/C, material heat No. W5214, ‘

e Lower Shell, Axial Welds 3-112 A/B/C, material heat No. W5214 and 34B009,

e Intermediate to Lower Shell, Circumferential Weld 9-112, material heat No. 27204,
e Intermediate Shell,'Plate D-3803-1, material heat No. C-1279,

e Intermediate Shell, Plate D-3803-2, material heat No. A-0313,
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A
¢ Intermediate Shell, Plate D-3803-3, material heat No. C-1279,

e Lower Shell, Plate D-3804-1, material heat No. C-1308A,
o Lower Shell, Plate D-3804-2, material heat No. C-1308B,
e Lower Shell, Plate D-3804-3, material heat No. B-5294.

The Palisades reactor vessel was designed and fabricated in accordance with the ASME Boiler
and Pressure Vessel Code, Section 111, 1965 Edition, including all addenda through Winter 1965
[16]. The Palisades reactor vessel surveillance program was originally developed with the intent
to comply, where possible, with the guidance of ASTM E185-66, “Recommended Practice for
Surveillance Tests on Structural Materials in Nuclear Reactors” [17]. At the time that the
Palisades surveillance capsules were built, 10 CFR50 Appendices G and H did not exist.

Palisades supplemental capsules SA-240-1 and SA-60-1 were reinserted into the Palisades vessel
at the end of Cycle 11 and removed for testing at the end of Cycle 13. The capsules contain
reconstituted Charpy specimens made from weld heat No. 27204 obtained from Fort Calhoun,
another C-E designed plant with the same weld heat. The weld material was carefully chosen,
including the post weld heat treatment condition, in order to match the Palisades vessel beltline
weld. Because weld heat No. 27204 in the capsules matches the limiting circumferential weld,
the beltline material with the highest adjusted reference temperature and the limiting material for
P-T curves, Criterion 1 is met for the Palisades reactor vessel. '

Criterion 2:  Scatter in the plots of Charpy énergy versus temperature for the irradiated and
unirradiated conditions should be small enough to permit the determination of the
30 ft-1b temperature and upper shelf energy unambiguously.

Criterion 2 is satisfied if the Charpy energy data for the surveillance capsules containing weld
heat No. 27204 can be fitted to determine the 30 ft-1b temperature (T30) and upper shelf energy
(USE) unambiguously. The data and Charpy energy curve fits for weld heat No. 27204 are
shown in Appendix B. It was determined that the Charpy curve-fits have produced accurate 30
ft-1b temperatures and USE values. Hence, Criterion 2 is met for all the surveillance capsules
evaluated here which contain weld metal heat No. 27204.

Criterion 3:  When there are two or more sets of surveillance data from one reactor, the scatter
of ARTypr values about a best-fit line drawn as described in Position 2
(surveillance data available) normally should be less than 28°F for welds and
17°F for base metal. Even if the fluence range is large (two or more orders of
magnitude), the scatter should not exceed twice those values. Even if the data
fails this criterion for use in shift calculations, they may be credible for
determining decrease in upper shelf energy if the upper shelf can be clearly
determined, following the definition in ASTM E185.
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The functional form of the least squares method as described in paragraph (c)(2) of 10CFR 50.61
will be utilized. A best-fit line is generated for this data to determine if the scatter of the ARTnpr
~ values about this line is less than 28°F for weld metal heat No. 27204.

The Palisades limiting weld metal will be evaluated for credibility using the NRC recommended
guidelines [6]. Of the recommended methods, Case 4 most closely represents the situation for
the Palisades surveillance weld metal where data is available from the plant of interest and from
other plants.

Case 4a Credibility Assessment — Palisades 27204 Data Only

The data most representative for the Palisades limiting vessel weld are the supplemental
surveillance capsules containing weld heat No. 27204 since the irradiation environment of the
surveillance capsules and the reactor vessel are the same. The data requires the least adjustment
since the radiation conditions are the same as the vessel. The Palisades weld heat No. 27204
capsule data are shown in Table A-1 and in Figure 3, along with the fitted solution (i.e., mean
shift prediction) result, and the comparison of the measured — predicted scatter from the fitted CF
of 221.8°F. A plot of the measured ATj;¢ vs. fluence results for the Palisades supplemental
capsule weld (27204) is shown in Figure 3 along with the +/- 1o bounds for credible data scatter.
The data ciearly fall within the 1-sigma scatter band for credible surveillance data and the margin
term can be reduced when using credible data. A

- Based on criterion 3, the Palisades surveillance data is credible since the scatter is less than 28°F
. for both of these surveillance capsules.

Table A-1. Evaluation of Palisades Surveillance Data Results for Weld Heat No. 27204

material Capsule Heat |Capsule fluence FF ARTndt FFEORTndt | FE2
27204 1 5A-240-1 (PNP) | 27204 2.38E+19 1.234 267.8 330 1.52
- 27204 SA-60-1 (PNP) 27204 1.50E+19 1.112 253.1 282 1.24
3 .
CF [SumSqgrs}) Measured ARTRdt | Predicted ARTndt|  Scatter ARTndt
27204 NI SA-240-1(PNP} | 27204 221.8 267.8 273.6 -3.8
27204 i SA-60-1 {PNP) 27204 221.8 233.1 246.7 6.4

) FF*ARTNdt |FEAZ
Sum 611.9 2.8
Fitted CF 221.8
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Case 4b Credibility Assessment - All 27204 Surveillance Capsule Data

Following the guidance in Case 4 [6], the data from all sources should also be considered. For
weld heat No. 27204 there are a total of five surveillance capsules, two from Palisades and three
from Diablo Canyon Unit 1. Since data are from multiple sources, the data must be adjusted first .
for chemical composition differences and then for irradiation temperature differences before

determining the least-squares fit.

The five capsule results and the fitted CF value, as shown in Table A-2, is determined to be
216.13°F for this case. The results for (measured — predicted) scatter for all the 27204
surveillance data results are also shown in Table A-2. The results for all the surveillance capsule
data are plotted in Figufe 4 along with the +/- 1o scatter bands. The scatter in the measured —
predicted values does not exceed 28°F (1-sigma). According to 10CFR50.61 paragraph
(c)(2)(1v), the use of results from the plant-specific surveillance program may result in an RTnpt
that is higher or lower than that determined from the chemistry of the weld and a chemistry
factor using the tables. If the CF value is higher, it must be used for vessel RTprs predictions, if
the CF value is lower, it may be used. In this case the fitted CF value is lower.

The chemistry factor from the tables in paragraph (c)(1) is 226.8°F, and the adjusted chemistry
factor using the Palisades surveillance capsule data is 216.13°F. It is noted that per NRC
guidance that it 1s possible to use a lower value of chemistry factor based upon all sources of
surveillance capsule data with a reduced margin term if the data is also credible in all other ways.

Therefore, the weld data meets this criterion, and the Palisades surveillance program weld metal

chemistry factor to be used for determining RTprs and RTnpr is 216.13°F in combination with a
reduced (1-sigma) margin term of 44°F.
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Table A-2. ‘Evaluation of all Surveillance Capsule Results Containing Weld Heat No. 27204

. : " Ratio Chem. &
. Table | Revised | Fluence Irrad. Measured Adjusted [Temp. Adj.| Predicted Adjusted -
Capsule %Cu %Ni CF (F) | Fluence | Factor Temp. ARTndt ARTndt ARTndt | ARTndt Predicted
(nfem"2)| FF Ti (F) (F) . (F) (F) ~_(F) (F)
CAP Y (DCPP) 0.198 0.999 222.26 | 1.05E+19 1.01 542 232.59 237.3 244.1 219.1 25.06
CAP S (DCPP) 0.198 0.999 222.26 |2.84E+18 0.66 544 110.79 113.1 121.9 . 141.8 -19.97
SA-240-1(PNP)| 0.194 1.067 227.8 |2.38E+19 1.23 535.7 267.8 266.7 267.2 - 266.7 0.49
SA-60-1 (PNP) 0.194 1.067 227.8 | 1.50E+19 1.11 535 . 253.1 252.0 251.8 240.4 11.43
CAP V (DCPP) 0.198 0.999 222.26 | 1.37E+19 1.09 541.5 201.07 205.2 211.5 235.0 _ -23.56
Vessel Best Estimate CF = 226.8 : MeanT=| 535.2 .
[ { Least Squares Fitted CF=| 216.13

Note: None of the five (measured — predicted) data points exceed the 1 standard deviation of 28°F for credible data for welds.
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* Criterion 4:  The irradiation temperature of the Charpy specimens in the capsule should
‘match the vessel wall temperature at the cladding/base metal interface
within +/- 25°F. |

The Palisades supplemental surveillance capsules SA-60-1 and SA-240-1 were located in
the reactor vessel between the core barrel and the vessel wall opposite the center of the
core. These supplemental surveillance capsules were installed in the capsule holders
located on the core support barrel. Table A-3 provides a history of the time-weighted
temperature for the Palisades supplemental surveillance capsules and reactor vessel wall.

Table A-3. History of Time-Weighted Operating Temperature for Palisades -

Operating Cycle Cycle Average | Surveillance | Time Weighted
Cycle Length‘a’ _ Vessel Capsule Capsule Avg. T
Number (EFPD) Temp.(b) Removed (°F)
: (°F)

1 371.7 523
2 440.1 529 A-240 526
3 342.5 534
4 321.0 536
5 386.7 536 - W-290 531
6 326.7 536
7 362.5 536
8 366.1 537
9 292.5 534
10 349.7 534 ~ W-110 533
11 421.9 533
12 399.3 534
13 419.6 536 SA-60-1 535.0
14 449.3 537 SA-240-1 - 535.7
15 401.3 537
16 4443 537
17 493.1 537
18 472 537 .
19 459.2 237 Time Weighted
20 499.8 537 ' " Vessel Avg. T
21 519.2 537 (°F)
22 498.8 537 ' 535.2

(a) Cycle length (EFPD) values obtained from Reference 18
(b) Cycle average vessel temperatures obtained from Reference 20

(c) Cycles 1-12 EFPDs are reduced by 2% to account for power reduction factor per the guidance in [18]
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The location of the specimens with respect to the reactor vessel beltline assured that the
reactor vessel wall and the specimens have experienced equivalent operating conditions
such that the temperatures did not differ by more than 25°F. Therefore, this criterion is
satisfied for the Palisades capsules. S ~ '

The Diablo Canyon 1 capsule irradiation temperatures are shown in Table A-2 [12]. These
temperatures are also within 25°F of the Palisades average vessel irradiation temperature of
" 535.2°F.

Criterion 5: ~ The surveillance data for the correlation monitor material in the capsule
should fall within the scatter band for that material.

" The Palisades supplemental surveillance capsules, SA-60-1 and SA-240-1, both contain
standard reference material HSSTO2 plate. Plots of the Charpy energy versus temperature
for the irradiated condition of correlation monitoring material (HSST Plate 02, Heat A1195-
1) from SA-60-1 and SA-240-1 are documented in BAW-2341 Rev 2 [10] and BAW-2398
[11], respectively. Charpy energy versus temperature for the unirradiated correlation
monitoring material (HSST Plate 02, Heat A1195-1) is taken from NUREG/CR-6413,
ORNL/TM-13133[19]. Tables A-4 and A-5 provide the updated calculation of (measured —
predicted) scatter versus fast fluence in the correlation monitor material (HSST 02) data.
Figure 6 (from Reference 19) shows that the measured scatter band for the correlation
monitor materials is 50°F. '

Table A-4. Correlation Monitor Material HSST Plate 02
“Calculation of Fitted CF

Capsule . Fluence Fluence Factor ARTypr® FF * ARTnor FF?
(x10)® - (3 (°F) |
SA-60-1 15 1.112 113.7 -126.4344 1.2365
SA-240-1 2.38 1.234 1409 173.871 1.5223
Sum 300.305 2.7588

CF Surveillance weld = £ (FF x RTypr) / = (FF)= 300.305/2.7588 = 108.853

Slope of best fit line is 108.853

Notes:

(a) Calculated fluence (x 10"° n/cm?, E>1.0 MeV)

(b) FF = fluence factor = f(®28 018!

(c) Irradiated values of 30 ft-lb Transition Temperature From BAW-2341 Rev 2 and BAW-2398 [10, 11]
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Table A-5. Correlation Monitor Material HSST Plate 02
Calculation of Measured — Predicted Scatter

Capsule Fluence ' Fluence Factor ARTNDT(" Predicted. | (Measured -
(x 10'°)@ (FR® | ARTyor | Predicted) ARTyor

SA-60-1 1.5 1.112 113.7 121.044 -7.344

SA-240-1 2.38 1.234 140.9 134.324 6.575

Where predicted ARTypr = (slope pest i) *(Fluence Factor)

Slope of best fit line is 108.853

Notes: '

(a) Calculated fluence (x 10 n/cm?, E>1.0 MeV)

(b) FF = fluence factor = {28 01"ogf) _

(c) Irradiated values of 30 ft-Ib Transition Temperature From BAW-2341 Rev 2 and BAW-2398 [10, 11] -

Table A-5 shows that the scatter in these data is less than 50°F, which is the allowable scater in
NUREG/CR-6413, ORNL/TM-13133 [19]. Thus, criterion 5 is satisfied for the correlation
monitor materials.
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Appendix B

SURVEILLANCE CAPSULE DATA FOR WELD HEAT NO. 27204
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Execu'tive.&SummarY -

. »Thrs report describes the results of the test: specimens:; from the first supplemental capsule .
! (Capsule SA- 60 -1) of the Consumers Energy Palisades: Nuclear Plarit'as part.of their reactor

vessel:surveillance program The objecttve of the program is to monitor-the effects of nieutron

- irradiation on the mechanical propertles of the reactor vessel matenals by testmg and evaluatlon '

of Charpy 1mpact spec1mens

Supplemental Capsule SA- 60-1" was removed from the Palisades: reactor vessel at the end-of-

'cycle 13 (EOC-13) for testmg and. evaluation. The: capsule contents ‘were: removed from Capsule
. SA-60-1for-testing and examination, ‘The: test specimens: mcluded modified 18mm. Charpy V-

notch, inisérts: for three weld metals fabncated with weld wire heats W5214 34B009 and 27204

* and stindard Charpy V-niotch: specrmens fabncated from the correlatron monitor plate matenal

HSST Plate’02. The weld metal Charpy inserts were reconstituted to-full size’ Charpy V-notch.
specimens. The reconstituted weld. metals along w1th HSST Plate 02 material were Charpy

’1mpact tested

Followmg the initial Charpy V-notéh, 1mpact téstin; g, the laboratory-performed-a calibration of

the temperature mdlcator used ini the Pallsades Capsule SA-60-1 tésting, The: resulis of the Ny
laboratory calibration indicated the instrument was out-of-tolerance. Baséd on the results of thrs T
calibration test, ‘the’ ]aboratory revised the Charpy impact test temperatures accordmgly Revision
1 cortécts the test. temperatiires for thie Supplemental Capsule SA=60-1 reconstltuted weld metal’ .

Charpy V—noteh 1,mpact speciméns arid the HSST Plate 02 Charpy V-notch impact speermeps,.

* Revision 2 provides an update:to the hyperbolic tangent cuirve fits of the Charpy impact curves
by: restrammg the upper-shelf energy. For these curve: fits, the. lower-shelf energy was fixed-at.
2:2 ft-lbs: for- all cases, and for each materlals the upper—shelf energy wés' fixed at: the average of
-all test: energres exh1b1t1ng 100% sticar, cons1stent with ASTM: Standard E. 185 82.
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of full size Type A Charpy V-riotch specimens in accordance with ASTM Standard E 3391,

| “The reconstituted Charpy specimeii dimensions for each specnnen are. shown in Table 42 .-;»_;Upon
complétion of the: machmmg of the recoristituted Charpy: spec1mens twelve (12); specrmens were
selected from ezach weld metal 'for‘Charpmepac_t testing.

4.5, Charpy V-Notch Impact Test Results

‘The Charpy ‘V:=notch 1mpact testmg was performed in accordance w1th the: applrcable requrrements
lof ASTM: Standard E 23-91. - Tmpact: energys | lateral expanswn and percent shear: fracture were
‘measured-at: numerous test temperatures and recorded for-each specrmen The 1mpact energy-was
;measured using a certified Satec Si- lK Impact tester (traceable fo NIST Standard) with 240 ft-lb
of avarlable energy. The: lateral expansron was measured’ usmg a ccrtlﬁed digl indicator. The
specimen percent shear was estimated by video examination: and comparisen with the visual -
standards presented in ASTM ‘Standard E 23-91. In addition; all Charpy ‘V-notch, impact testmg ‘
‘was performed using instrumentation to record:a’ Toad-versus-time frace and energy—versus—tlme
trace for-each’ unpact event: The load-versus-nme traces were-analyzed to determine time, load;
-and impact. energy for general‘yi¢lding, - maxrmum load, fast fracture -and crack arrest’ propertres
'durmg the test. The dynamig: y1eld stress is calculated from the three-point bend formula

&= 33.33 * (general yielding load)

The: dynarmc flow stress:is calculated from the average-of the yreld and max1mum loads, also usmg
the three-pomt bend formula:

O = 33 33 o ((general yleldmg lat;d 4 maxlmztm load))

The results of the: Charpy V-notch nnpact testmg are: shown in Tables 43 through 4 10 and (
Figures'4-2 through-4-5, and the individual load-versus-ﬁme traces for the. 1nstrumented Charpy V-
notch 1mpact tests are-presented in Appenchx B. The curves were. generated using a hyperbolic:
tangent curve-ﬁttmg program to produce the best-fit curve through the data. The hyperbolrc

tangent (TANH) function (test response; i.e., absorbed: energy, lateral expansion, and. percent
shear: fracture s R ‘as.a functron of 1 test temperature “T”) used to evaluate the: surverllance data -
© is as follows; . '

4 3
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For the absorbed (impact) “’energy curves; the ldwer-Shelf energy'was ﬁ'kéd"at 2.2 fr-lbs forall
materlals and the- upper-shelf energy was; flxed at the average of all test energles exh b1t1ng 100
. percent shear for each material, consistent:with the ASTM Standard E:185-82. The lateral T
~expansion. curves were generated with: the lower-shelf mils lateral expansion fixed-at 1 mil’ and -
the upper—shelf rmls lateral expans1on not constramed (i;e:; not fixed). The percent shear fracture
curves for.each material were. generated w1th the: lower-shelves and upper—shelves fixed at 0 and
. 100 respectlvely ) - N B 8

The Charpy"V'—notch ‘data ' was entered, and the cocfficients A, B, ”To and C are determined by"th‘ie"‘,
program mmlmlzm g the sum of the.errors squared (least~squares fit) of the data, pomts about the
fitted ¢ curve. Usmg these: coeffxcrents and the-above TANH function; a smooth: curve is-
~~----;generated thitough the data for mterpretatlon of the material transition region behavxor The
“ coefficients determinéd for irradiated materials:in Capsule SA-60-1 are shown 1n.Table 4-11.,

The tr'aﬂéition_ftempératureéhjfté and upper:shelf energy"deere_ases},_f,‘,ci)r-»"thefG;apgule SA-60-1
frh‘ate‘ﬁals‘;?wi thﬁr‘éspect"fto- the unirradiated »mat‘eriai properti'e‘s are summarized in Table 4-12,

through 4-9
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‘Table 4-5. Charpy Impact Results for Palisades Capsule SA-60-1
Irradiated Weld Metal 27204

K f;I“q's‘tjb .1 Impact Lateral Shear ,l
Specimen. | Temperature, Energy, Expansxon Fracture,
ID ~ °F ft-lbs v -mil, %o -

PB6S | . 74 | w5 | 7T | 0
PBS6 | 120 | 165 | 13 | 40
PBS1 asa | 1T | 10 30
PB78 | 204 25 19 45
PRO3 | 220 | 28 | .21 | 70 o]
PBOI | 254 | 395 33 | 85
PB28 219 | 445 | 30 | 95
PB96 | 329 - | s2s%| 48 | 10
PBO4 | 329 | s+ | 50 | 100
PBIS: | 404 | 57¥ s5 | 100
PB42 454 55 | 49 . | 100
PB9S | 419 | 48s| 43 | 100

o Value used to. determme upper-shelf energy (U SE) in accordance '
with ASTM Standard E185- 82 :
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Table 4-11. Hyperbolic Tangent Curve Fit Coefficients for the Palisades:
Capsule SA-60-1 Surveillance Materials

 Material
Description

Weld Mefal
W5214

Absorbed Energy

28:4

262
158:1.
); 1888

s

Lateral 'Expans'ion
A 250
B: :

R kv

30

HyperbollcTangentCurveFlt .Cbgfficiéﬁi‘s;

| ‘Pe'rcent},‘S-hcgp'ElT@dmIe -

B:

o
=]

): - 214.9

50.0
- 80.5

|| Weld Metal
34B009

26.5
1238

e

S

50:0
50,0
- 896

[ Weld Metal
27204

276
254
111.4
. 2014

20wy

2

20wy

(=3

500
11500
921

: 187.1

Correlation
Menitor Plate,

HSST Plate 02
(Heat No: A1195-1)

s 443
42.1
05.1

193.0

O . ..
R

H2owe

QW

=
[=]

) 1837

500

SRS ]
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Table 412, Summary .of Charpy. Impact Test Results for the Palisades
' Capsule SA-60- 1 Surveillance Materlals

30 ft-lb Transmon Temperaturc, ’I S0 f_t%lb.:Iffzins_i,ti:o'r_i’Téhiperdture,, ". ' -35"mil Lateral Expansxon
_ Matérial | oF" . ‘ _°F ; _ Transition Temperature o . Upper-Shelf Energy; fi-b:
" Description- | . ol e R . - '
‘ . ,»Unir?gd;ated};";V‘,I‘_rj'adlatqd‘ , ‘Umrradla;cd_ Irradiated - Unirrqdiate_d »_Ir:ra‘digted ' 'AfIT , Umrradlated hadlated. Decrease’ ||
‘Weld Metal -%29.6@' ig2i® .
| K T - L , , , :
T Weld Mear 209 | 1678 | 2498 | 4509 | 2086 |343.6 | 516 | 2375 | 2800 | . 113.99 :55.25 58.65
|l 34B009 c L _ _ o ] , . ] .
| WeldMetal CoAr2® | o219 | 2534 619 [ 3556 3617 |  Not | 2494 | - 1084® | 530 | 554
27204 1 I TR AR R _ S : rr~avaxlable.' 3 - : : R
| BssTRIae02 | 4579 | 1594 | 137 | 7839 | 2060 |i277| Net [ 1879 | — 12039 | 863 340
_ chatNoAll95] £ R S -~ available: | :

B (a): Data reported in; AEA Technology Repox‘c AEA-TSD 07748
(b)Data reported in:CE Report:No. TR-MCC-189. 16
»(c) Data reported in NUREG/CR-6413 10
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1  Figure 4:4, Charpy Impact Data for Ircadiated Weld Metal 27204
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* Executive Summary

This report describes the results of the tests performed on the specimens contained in the second
supplemental reactor vessel surveillance capsule (Capsule SA-240-1) from the Consumers
Energy Palisades Nuclear Plant. The objective of the program is to monitor the effects of
neutron irradiation on the mechanical properties of the reactor vessel materials by testing and
evaluation of Charpy impact specimens.. |

Supplemental Capsule SA-240-1 was removed from the Palisades reactor vessel at the end-of-
cycle 14 (EOC-14) for testing and evaluation. The test specimens included modified 18mm
Charpy V-notch inserts for three weld metals fabricated with ‘weld wire heats W5214, 34B009,
and 27204 and standard Charpy V-notch specimens fabricated from the correlation monitor plate
material, HSST Plate 02. The weld metal Charpy inserts were reconstituted to full size Charpy
V-notch specimens. The reconstituted weld metals along with HSST Plate 02 material were
Charpy-impact tested. The results of these tests are presented in this document.

\

J

Y= :
) B ARAMATOME ANP



the center position of the temperature verification mockup insert ranged from 347°F to 511°F,
which is less than the Palisades reactor vessel cold-leg temperature and meets the temperature
requirement of ASTM Standard E 1253-88.

Twelve (12) stud-welded inserts were then selected from each of the weld metals W5214,
34B009, and 27204 for machining of full size Type A Charpy V-notch specimens in accordance
with ASTM Standard E 23-91. The reconstituted Charpy specimen dimensions for each
specimen are shown in Table 4-2.

4.5. Charpy V-Notch Impact Test Results

The Charpy V-notch impact testing was performed in accordance with the applicable requirements
of ASTM Standard E 23-91. Prior to testing, the specimens were temperature-controlled in liquid
immersion baths, capable of covering the temperature range -100°F to +550°F. Specimens remain
immersed in the liquid medium at the test temperature +2°F for at least 10 minutes before testing to
assure achievement of thermal equilibrium. A certified Omega Model 462 device was used to
measure the temperature. Impact energy, lateral expansion, and percent shear fracture were
measured at numerous test temperatures and recorded for each specimen. The impact energy was
measured using a certified Satec S1-1K Impact tester (traceable to NIST Standard®) with a striker
velocity of 16.90 ft/sec and 240 ft-Ib of available energy. The lateral expansion was measured
using a certified dial indicator. The specimen percent shear was estimated by video examination
and comparison with the visual standards presented in ASTM Standard E 23-91. In addition, all

“Charpy V-notch impact testing was performed using instrumentation to record a load-versus-time

trace and energy-versus-time trace for each impact event. The load-versus-time traces were
analyzed to determine time, load, and impact energy for general yielding, maximum load, fast
fracture, and crack arrest properties during the test. The dynamic yield stress is calculated from the
three-point bend formula: ' |

o, = 33.33 * (general yielding load)

The dynarnié flow stress is calculated from the average of the yield and maximum loads, also using
the three-point bend formula: "

* Each year, two sets of Charpy specimens are purchased from NIST and tested on the Charpy test machine. The
results are then sent to NIST for evaluation. A letter is then issued by NIST certifying the calibration of the
Charpy test machine. The accuracy of the Charpy tester is £1 ft-1b or 5% of the dial reading whichever is greater.

4.3 , FRAMATOME ANP



O pou= 3333 % ( (general yielding load + maximum load))

2

The results of the Charpy V-notch impact testing are shown in Tables 4-3 through 4-10 and
Figures 4-2 through 4-5, and the individual load-versus-time traces for the instrumented Charpy V-
notch impact tests are presented in Appendix B. The curves were generated using a hyperbolic
tangent curve-fitting program to produce the best-fit curve through the data. The hyperbolic
tangent (TANH) function (test reéponse, i.e., absorbed energy, lateral expansion, and percent
shear fracture, “R,” as a function of test temperature, “T”") used to evaluate the surveillance data
is as follows: ‘ '

R=A+B*tanh[g—_5f—"—)]

For the absorbed (impact) energy curves, the lower-shelf energy was fixed at 2.2 ft-1bs for all
materials; and the ﬁpper-shelf energy was fixed at the average of all test energies exhibiting 100
percent shear for each material, consistent with the ASTM Standard E 185-82. The lateral
expansion curves were generated with the lower-shelf mils lateral expansion fixed at 1 mil and
the upper-shelf mils lateral expansion not constrained (i.e., not fixed). The percent shear fracture
curves for each material were generated with the lower-shelves and upper-shelves fixed at 0 and
100 respectively. | - '

The Charpy V-notch data was entered, and the coefficients A, B, To, and C are determined by the
program minimizing the sum of the errors squared (least-squares fit) of the data points about the
fitted curve. Using these coefficients and the above TANH function, a smooth curve is
generated through the data for interpretation of the material transition region behavior. The
coefficients determined for irradiated materials in Capsule SA-240-1 are shown in Table 4-11.

The transition temperature shifts and upper-shelf energy decreases for the Capsule SA-240-1
materials with respect to the unirradiated material properties are summarized in Table 4-12.

Photographs of the Charpy V-notch specimen fracture surfaces are presented in Figures 4-6
through 4-9.

‘ 7
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Table 4-5. Charpy Impact Results for Palisades Capsule SA-240-1 |
Irradiated Weld Metal 27204

Specimen
ID

PB45
PB62
PB71
PB54
PBO7
PB73
' PB52
PB35
PB06
PB58
PB57
PB61

Test .

Temperature,
°F

70
125
175
200
200
225
250
300
350
400
450
500.

Impact
Energy,
ft-1bs
55
16.5
16
26.5
335
29
34.5
36
44.5
49.5%
59%
53*

Lateral
Expansion,
mil

3
12
18
29

27
24
26
32
43
42
52
47

%

0
10
30
55
60
65
55
65
95

100

100

100

Shear
Fracture,

* Value used to determine upper-shelf energy (USE) in accordance

with ASTM Standard E 185-82.['"!

4—9 IR

P4 .
7- ERAMATOME ANP



Table 4-11. Hyperbolic Tangent Curve Fit Coefficients for the Palisades
Capsule SA-240-1 Surveillance Materials

Material Hyperbolic Tangent Curve Fit Coefficients
Descnptan Absorbed Energy | Lateral Expansion | Percent Shear Fracture -

Weld Metal : A: 22.8 :
w5214 B: 25.2 B: 21.8 B: 50.0
C: 1116 - C 83.5 C: 725
TO: 208.1 TO: 231.7 - TO: 223.2
Weld Metal CAr 2938 A 229 A: 500
34B009 B: 27.6 B: 21.9 B: 500
C: 1117 C: 88.0 C: 109.8
TO: 176.6 TO: 184.3 TO: 1926
| Weld Metal A: 280 A: 256 A: 500
27204 B: 25.8 B: 24.6 B: 50.0
C: 1457 C: 169.2 } C: 1184
TO: 215.3 TO: 2259 TO: 210.1
Correlation A: 43.3 A: 35.8 A: 500
Monitor Plate, B: 41.1 B: 34.8 B: 50.0
HSST Pilate 02 C: 75.3 C: 83.1 C: 75.9
(Heat No. A1195-1) TO: 211.8 “TO: 222.2 TO: 206.5

. : 4 ’
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Table 4-12. Summary of Charpy Impact Test Results for the Palisades
Capsule SA-240-1 Surveillance Materials

Material
Description

°F

30 ft-1b Transition Temperattre,

50 ft-1b Transition Temperature, -

35 mil Lateral Expansion
Transition Temperature, °F

Upper-Shelf Energy, ft-1b

Unirradiated

Irradiated

AT

Unirradiated

Irradiated

AT

Unirradiated

Irradiated

AT

Unirradiated

Irradiated | Decrease

Weld Metal -60.2® 2199 | 280.1 -17.4@ 3727 13901 -29.6@ 284.3 3139 102.7@ 52.5 50.2

w5214

Weld Metal -82.0@ 1774 | 2594 -45.0% 280.8 | 3258 | -51.6° 238.6 | 2902 113.9% 574 56.5

34B009 ' . ' - :
- Weld Metal -412® 2266 -| 267.8 6.1® 3997 | 405.8 Not 293.7 108.4® 53.8 54.6

27204 available.

HSST Plate 02 4579 186.6 140.9 78.3@ | 2242 1459 Not 220.3 120.3¢@ 84.4 359

Heat No A1195-1 ' available. s

91-v

(a) Data reported in AEA Technology Report AEA-TSD-0774."!
(b) Data reported in CE Report No. TR-MCC-189.1'8
(c) Data reported in NUREG/CR-6413.!""
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At

SECTION 1
" SUMMARY ‘OF RESULTS

The. ana\ysis ‘of the reactor vesse1 material contained in surveillance Capsule

S, the f1rst capsule to be: removed from the Pacific Gas and Electric Company
D1ablo,Canyon‘Un1tu1 reactor_pressure -vessel, Ied_to the fp]lowingrcenclusionsa

“The capsule received.an average fast neutron fluence (E?>i1a0»MeV)’

of 2. 98 X 1018 n/cmz.

_Irradwat1on of specwmens made from the reactor vesseT 1ntermed1ate

ft 1b trans1t1on temperature sh1fts ef -2°F and 4°F respect1ve1y,
for specimens oriented paraliel to the major worktng direct1on

‘(1ongwtud1na1 or1entat1on)

Specinens. made From weld metal irradiated to 2.98 x 108 n/en?

resu1tedfin\30fand650”ftelb transition temperature increases of
110°F and 148°F respectively.

Irradtat1on to 2198 X 1018 n/cm ‘resulted in a.11 ft-1b decrease
in ‘the upper shelf energy of the weld meta1 spec1mens and no
decrease in the upper- shelf of the shell plate B4106 3 spec1mens
Both materials.exhibit a more than adequate upper she1f level for

: cont1nued safe plant operat1on.

Compar1son of the 30 ft b transit1on ;f;jjrature increases for the

D1ab1e Canyon Unit 1 surveillance mater1a1 with predicted 1ncreases’->’

us1ng the methods of NRC Regulatory Guide 1. 99 ‘proposed. Revision 2
;hpws,that ‘the p!atexmaterial and- neld metal ‘transition temperature

increase are less than predicted.

~ Capsule S contained specimens. from the same heat of -weld wire (Heat

. '27204) as the limiting reactor”veeselbwbld'seaﬁ. The survei1lance

| 2580s-121087:10

‘program is- ‘therefore reépresentative of the lim1ting reactor vesse!
,mater1a1
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, SECTION 5. :
TESTING OF SPECIMENS FROM CAPSULE S -

5.1 Overview
The postirradiation mechanical testing of the Charpy V-notch and tensile
.specfmens'nas”performed iat the Westinghouse. Research'andibevelopment '
:Laboratory with consu?tat1on by Hest1nghouse Power Systems Division :
personnel.. Test1ng was performed in accordance. with IOCFRSO Append1ces 6 and
1H [2] -ASTM Spec1f1cat1on ‘E185-82, and Hest1nghouse Procedure RMF 8402

Rev1s1on 0 -as mod1f1ed by RMF Procedures 8102 end 8103.4f :

- Upon rece1pt of the capsule at the 1aboratory, the spec1mens and’ spacer blocks :

were carefully removed, 1nspected for identif1cetion number, and checked
against the master 1ist in WCAP- 8465.[1] No discrepancies ware.found:

Examination of the two low-meiting poirit 304°C (579°F) and 310°C (590°F)
eutectic a)16ys indicated no melting of either type of therma) monitori Bassd'
on this exam1nation, the max1mum temperature to. wh1ch the test specimens were
exposed was less than 304°C (578°F), '

The Charpy impactjtestSywererpeffOrmedfpe#:ASTMﬁSgecjficatﬁbn2923?82ianduRﬂF""
Procedure 8103 on & Tinius-Olsen Model 74,358] machine. The tup (striker) of
the Charpy machine is 1nstrumented with an Effects Technology Model 500
'1nstrumentat1on system:. With th1s system. ‘Toad-time and: energy-t1me sngna1s
can be recorded in. add1t1on to the standard measurement of Charpy energy
1(ED) From the. Toad-~ t1me curve, the load of general yie1d1ng (PGY)’ ‘the.
time to genera] yielding (tGY)' ‘the’ maximum load (PM). and the time ‘to:
.max1mum load (tM) can be determined. The load at which fest fracture was
initiated is ‘identified as the fast: fracture l0ad (PF), end the. 1oad at
which fast fracture term1nated is 1dent1fied as the arrest Toad: (PA)

The energy . at: max1mum Toad (EM) ‘was determined by comparfng tho energy-t1me
‘record and the load~ t1me record. The energy at maxlmum load s roughly
equivalent to the energy required to initiate a crack 1n the specimen:

) i‘lesaél,?“!z'joer‘flo ‘ . 5-1



. Therefore, the propagation energy for ‘the crack (E ) s the difference
'between the total énergy to fracture (ED) and the energy at max imum 1oad.

3

The yield stress (oY) is talculated from the three-point bend formula.

* The flow: stress is calculated from: the average of the yield and ‘maximum- loads,g';fﬁ';‘

" also. u51ng the three-point bend formula

"gPercent shear was ‘determined from postfracture photographs using ‘the . . -
ratio-of-areas methods in compliance with ASTM Specification A370-77. ‘The
lateral expansion ‘was measured using a dial ‘gage rig similar to that shown 4n
‘the same. spec1f1cation o L ‘

Tension tests'Were performed .on a 20,000-pound Instron, split-console test
_:machine ‘(Model 1115) ‘per ‘ASTM Specifications E8- 83 :and E21- 79, and RMF"
| Procedure 8102 Al pull rods, grips, and pins were made of Inconel 718

‘hardened to Re 45. The upper pull rod was' connected through a universal 301nt”

';»to 1mprove axiality of loading The tests were. conducted at.a- constant
-'crosshead speed of 0 05 1nches per minute throughout the test. o

Deflection measurements were . made with a linear variable displacement
-transducer (LVDT) extensometer. The extensometer knife edges were
z.jspring-loaded to the’ specimen and operated through specimen failure. The

o extensometer gage length 1s 1.00. inch The extensometer 1s rated as. Class B 2

per ASTM. E83 -67.-

~— -t

Elevated test temperatures were obtained with a three=zone: electric resistance'ji

i}spl1t tube funneg@ with a 9 Atich hot zone. All tests were conducted: in air.

fBecause of the: difficulty 1n remotely attaching a thermocouple directly ‘to the ,

| ‘speciimen; the following procedure was used to monitor specimen temperature. '

TChromel-alumel thermocouples were inserted in shallow‘holes in the center and
each end. of ‘the gage section of & dummy specimen and in each grip. In the
test conf1guration, with ‘g slight load on : the specimen, a plot of specimen
temperature versus upper- and Tower - gripland controller temperatures ‘was .

’ developed over the range room temperature to. 550°F (288°C) The upper grip

y

més-u’insir;‘io_,.u T _ L BeR ‘
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35.2. ﬁharpy}VfNotch impacthest.Resuits

was used to control the’ furnace temperature During the actua] testing the
gr1p temperatures were uUsed to: obtain desired specimen tamperatures.i- :
Exper1ments 1nd1cated that this method is accurate to + 2°F

“The yield. 1oa‘d u1‘t1"mate Toad, fracture load, total ef‘longat‘io‘n. and unifor{m e
elongation were determined d1rect1y fron the load-extension curve. - Thetyield

strength, ultimate strength and fracture strength were calcu]ated us1ng ‘the

or1g1na1 cross-sect1ona1 area The fina] ‘diameter . and final gage length were:
‘:determ1ned from ‘post- fracture photographs. The. fracture area used to

ca1culate the fracture stress (true stress at fracture) and percent reduct1on'
in area was computed usang the f1na1 diameter measurement

1

,TheﬂresuTtswof;CharpyzvsnotCH ﬁmpactetestsgperfOrmed‘on the Various materiaﬁs*
contained in Capsule S irradiated at 2.98x 1018 n/cm2 are. presented 4n

tab1es 51 through 5 6 and f1gures 5 1 through 5=4, lnit1a1 and 1rradiated

»trans1t1on temperature and. upper shelf energy levels were determ1ned us1ng a

hypérbolic tangent (TANH) curve Titting model as used bY“Oldfaeld [3] to fit
the data. Tables conta1n1ng ‘the results of the curve. f1tt1ng were supp11ed to
Nest1nghouse by the Pac1f1c Gas .and Electrac Company ‘for use in. determ1ning
the 1mpact property changes. The trans1t1on temperature 1ncreases and upper

shelf energy decreases for the Capsule S material are summar1zed in table. 5-7.

Irrad1at1on of vessel 1ntermed1ate shell plate B4106-3 mater1al (1ong1tud1na1

woraentat1on) spec1mens to 2.98 x 1018 n/cm (flgure 5-1) resulted in a 30 ‘
vand 50 ft lb trans1taon temperature shift of -2 and 4‘F respective\y. and an

average upper she1f energy increase of 4 ft-lb. The sma11 1ncrease in upper

shelf energy is not Unusial and is considered to be the result of data scatter:

018

Weld metal 1rrad1ated to 2:.98 x 1 n/cm (figure 5-2) resulted in 30 and

50 ft=1b transition temperature incréases ‘of 110 ‘and 148°F respect1ve1y ‘and. an"
,.average upper she]f energy’ ‘decrease. of 11 ft-1b. '

A}
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Weld HAZ metal irradiated to 2.98 x 108 n/em? (figure 5‘3) resulted 4n 30 N
and 50 ft- lb transitions temperature increases of 77 and’ 56°Frespectively and '
- an average upper shelf energy decrease of 22 ft-lb.

HSST plate 02 correlation monitor material irradiated to 2 98 x 1018 n/cm
(figure 5-4) resulted in:-a 30 and 50 ft- 1b transition temperature 1ncrease of
66 and 68°F respectively, and an’ average upper shelf energy decrease ‘of 1

ft- lbﬂ which fail within the data base_for this material, '

The fracture appearance of each 1rradiated Charpy*spec1men from the various A N
lmaterials is~shown in figure 5 5 through 5 8 and show an 1ncreasing ductile or "9fv"

Table 5-8 shows @ ;c‘:pmpar‘:fsa,nf; 6f the. 30, ft-1b ,-ee'a‘-'nvs;irt]ipﬁf temperature ‘incréases
for' the various Diablo Canyon Unit -1 surveillance materials with predicted
increases using the ‘méthods of proposed NRC Regulatory ‘Guide: 1 99 Rev131on '
2. [4] This comparison shows: that the - transition temperature. 1ncrease
resulting from 1rrad1ation to 2. 98 X 1018 n/cm 1s less. than predicted by
-the. Guide for plate 84108 -3; weld, metal and correlation monitor material
" Four weld metal Charpy V- notch impact specimens from Capsule S were v
reconstituted by Nestinghouse to obtain additional impact toughness data’ to -
better define the transition region and the upper shelf of the weld metal.. ‘A"
separate report ‘[5] describes the. reconstitution procedure and discusses the
analy51s of the test. data. Two of the four reconstituted specimens were
notched: too deep and therefore: were: considered 1nappropr1ate for- obtaining _
,N reliable test data., Table: 5-9 shows the results of the impact tests performed
at 125 and 400°F on ‘the other two: reconstituted specimens. The toughness s

‘ .results for these ‘two tests when’ compared ‘to. the original irradiated weld

- metal test results shown' in figure 5 -2 appear to be: questionable since they do
not. fit the irradited ienergy and lateral expan51on transition curves. A

review of the reconstitution and testing techniques used in ‘this . ‘prognam was,
Aconducted which did not identify any ‘obvious: abnormalities that could have
produced the: lower than expected toughness values The; reconstituted Charpy

data points have not- been 1ncluded in the development of the Charpy transition _}, o
_curves. Only two of ‘the' four reconstituted specimens were successful in - I

28891:121087:10 | - | : 5-4
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‘ o ) TABLE §-7
EFFECT OF' 550°F IRRADIATION AT 2.98 x 10'8 nyci? (£.> 1.0 wev)
JON NOTCH' TOUGHNESS PROPERTIES OF DIABLO"CANYON UNIT 1 'REACTOR VESSEL MATERIALS

Average; 35 .mil:

Average: Bo fit- T Lateral Expansion ‘Average 30 Ft-1b " Average Upper
) temperature " F) - ! Temperature {*E) Temperature. . F) Shelf Enargy (ft- lb)

Material Unirradiated lrradlated a1 Unlrradiated lrradlated AT ‘unicradiated Irradiated AT Unlrradlated Irradiated &(tt- lb)
Plate B4106-3. L 45 4 - 28 29 0 5 3. -2 122 126 +4
(Longuualnan : - - ' ' '
Weld Metal - =23 - 125 148 -6 96 142 -67 a3 1o . 88 B -1
HAZ Metal =111 i85 56 -107 <64 43 =168 . 9T . 77 147 125 -22
Correlation 78 146: 68 %9: 124 65 46 12 66 124 - 123 -1
. Monitor Mt . :

25895-121087: 10 o S - S - - .
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Theé analysxs of the reactor vessel’ materials. contained in surverllanoe Capsulc Y the second capsule to’

be removed: from the Pacifi¢ Gas ‘and Electnc Company Drablo Canyon Umt 1 reactor pr&ssure vessel

Jled to the following conchisions:

°

The capsule received an average fast neutron fluerice (E > 1.0 MeV) of 1. 02 X 10“' n/cm after

~ 5:86 EFPY of plant operauon ,

 adiation of the reactor vessel inerciedise shell plate B4106-3 Charpy specine, oricaied

with the longitudinal axis of the specimen parallel t6the major rolling difection (longitudinal

orientation); to, 1,02 X 10”:n/cin® (E > 1.0 MeV) resulted.if a 30 fi-b fransition temperature.

increase of 47°F and a.50 t‘t-lb transmon temperamre merease of S3°F 'I'lns mults ina 30
ft-lb transrtron temperamre of- 52°F and a:50 fi-lb: tmnsmon temperamre of 94°F for the
longntudmally oriented speczmens '

Irrd&iatidn"of ‘the weld metal Cirarpy ‘specimens 11.02 x 10" n/cm? (E > 1.0 MeV) resuited in

@ 30 ft—lb transmon temperamre merease of 234°F and a: 50 fi-Ib: transmon temperature o
Tmcrease of 276°F This resilts.in a. 30 ft-Ib transmon temperamre of 167°F and. a¢50 ft-lb

transrtron temperature of 253°F:

Irfadiation of the weld Heat-Affected-Zone (HAZ) rietal Chaipy specimens to 102 x 10%

‘n/cm (E >-1.0: MeV) multed in 3:30; ft-lb transmon temperature mcrease of’ 84°Fand a 50

ft-lb transmon temperature increase of 75°F.: This mults in a’ 30 ft-lb..transmon temperature" |

of -84°F ‘and & 50 f1:Ib-raiisition temperature of 36°F.

lrmdranon of the Correlation’ Momtor Matenal Plate HSST 02 Gnarpy speermens to 1 02 X

| 10” n/em ('E > 1.0 MeV) resulted in 30 and 50 ft t.ransmon temperature increases of: 112°F.‘
, "Thrs results in a 30 fi-Ib transmon temperature of 158°F. and.a 50 ft:lb: transrtron temperature
. of 190°F..
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- The survedlance Capsule Y test‘ results mdteate that the Correlatton Monitor . Plate HSST 02

| material 30 ft-Ib transmon temperature shift is 10°F: greater than the Regulatory Guide 1 99
Revision 2 prediction., .Tlns increase is bounded by the 2 sigma allowanee for shift predxetnon
of 34°F The average upper shelf energy decrease of the Correlauon Momtor Material is less
’than the Regulatory Gunde 1 99 Revxsnon 2 predxctlon _ S '

I3

"The surveillance capsule: matenals exlnbnt a more:than adequate upper shelf energy level for.,
continued-safe plant opemuon and are expected to-maintain-an upper: shelf energy of N0 lees
‘than 50 ft:1b throughout the life (32. EFPY) of:! the vessel as’ requlred by IOCFRSO

\Appendxx G

"The calculated end-of-life (32 EFPY) maximum neutron ﬂuence (E > 1 0 MeV) for the: Dnabloﬁ

'Ganyon Unit 1 reactor:vessel iis.as follows:.
' Vessel insier fadius’ =1:54% 10* f/cm?®
Vessel 1/4-thickness = 8:10x.10® n/cm?
Vessel 3/4 thickness. = 1.62 x-10'® n/cii?

** Clad/base metal iinterface

‘Based on the efitéra give in Regulatory Guide 1.99, Revision 2, ihe/Diablo Canyon Uit 1
Surveillance Program is judged to be credible.
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SECTION 5.0 |
/ " TESTING OF SPECIMENS FROM CAPSULE Y

| 5:1 ‘Overview

The post-lrradlatxon mechamcal testing of the’ Gharpy V-notch and tensxle specune'ns was’ performed at.
the Westinghouse ‘Science and. Technology: Center hot cell wrth consultauon by Westmghousc Power
Systems, personnel Testing was performed in accordance with' 10CFRS0, Appendxces G and H®,

. ASTM Specification’ E185-82m and Westmghouse Remote! Metallographlc Facnhty (RMF) Procedure
| . 8402; Revxsxon 2:as modxfied by RMF Procedures 8102, Revxsnon 1. and 8103 Revxsxon 1.

Upon receipt.of the, capsnle at the: hot‘cell laboratory, the specnmens ‘and. spacer blocks were: carefully
éd for identification: number, and checked against the master hst in WCAP-8465“]

No. drscrepancles ‘were foiind,

o T,‘Exammauon of the two low-melnng pomt 579°F (304°C) and 590°F (310°C) eutectlc alloys md:cated
~ .no'melting. ot' either type:of thermal monitor. Based on this- exammanon, ‘the maximum_ temperature to

which _thg- testswcxmenswere exvcsed was less than 579°F (30496)-

)

The. Charpy unpact tests were. performed per ASI‘M Specxﬁmuon E23-92‘3] and RMF Procedure 8103 |
Revision 1. 0on a Tmms-Olsen Model 74 358] .machine: The tup (stnker) of the: Gnarpy machme ls
‘:mstrumented with.a’ GRC ‘8301 mstrumentauon system, feedmg into an’ IBM XT Computer Wnth this

. isystem, load-ume and energy-ume s1gnals can be: recorded in addition to the- slandard measurement of

| ~Charpy’ energ__y,(ﬁq). From the load-time curve (Appendlx A), the 16ad of ge‘neral“yneldin_gh(l{m)’, the:
time to.general yielding (igy), the maximium load:(B,y), aiid.the time tomaxrmurnload(t“) canbe
determined. “Under.some test conditions, a sharp drop in'load iridicative of fast frachire was observed.
“The Ioad at which fast fractire was initiated is'identified as the fast fracture load (Pg), aiid the load at
which fast fracnlte termmated isxidenﬁf ed as tliei‘a"rr’e’St load ,(P,") ' ’l‘he'ener‘gy"atrmaximum load(Eu)

. -maximum: load is’ roughly eqmvalent to the energy’ requrred to; mmate a crack in: the;speclmen

Therefore the propagation energy for the crack ('EP) is the drfference between the total energy to

fracture. (ED) and the’ energy at maxunum load (EM)

5-1



The yneld stress (oy) ‘was ealcnlated from the three-pomt ‘bend; formula havmg the followmg

expression;:

o =Poy* {L/[B*(W-a)*Cl} I <)

’ -where L - distance between the specnmen suppons in the mpact twtmg machme, B the width of the

specimen measured parallel to the: notch W= helght of the: specimen, measured perpcndxwlarly 10, the
. ‘notch; a:= notch- depth The eonstant Cis dependent on the notch ﬂank angle (<I)), notch Toot radius

(p), and: the type ‘of loadmg (1 €.y pure bendmg or; three-pomt bendmg)

[In three-pomt bendmg a Charpy speclmen in:which @ = 45° and p= .0 010" Equatxon 1 is: vahd with.
:'C ‘1.21. Therefore- (for L= 4W),

G=Per* (LI[B*(W-aPt121]}=[33 P W]/ [B(W-aY] @

For the Charpy specimens, B =0.394 in,, W = 0.394'in,, and-a= 0.079 ini. *Equation 2 theii redices
to: | ' ’ ‘

‘where Oy is-in ‘units ‘of; psi-and Pm, is in units of Ibs. The flow stress was calculated from the average |

“of the yield and maximum loads, also’ usmg the three—pomt bend formnla
.
vPeroem ‘shear was’ determmed from- post-fracture photographs using the ratlo-of-areas methods in
» -comphance w:th ASTM Specification A370-92"%; 'Ihe lateral expansion was measured. usmg a.dial
‘gage ng smnlar to that shown m the same: spemf' eatxon ' '

. Tension tests were performed oﬁ*a' 20-000-pound Inét’ron’Modél 1115; split-consolé test machine, per‘

ASTM Specification. E8-91"% and. E21-79. (1988)1]; and- RMF. Prooedure 8102; Revxston 1: Al pull

_rods; grips, and pins: were made of Inconel 718 hardened to HRC45 The upper pull rod was A |
connected through a universal joint to improve: axmhty of loading: The tests were- conducted at a
constant crasshéad speed of 0.05 inches per minite throughiout the test.



Deflecﬁon;mcasuremcnts_were, made with a linear variable &iépléeemem: transducer. (LVDT)
extensometer. The extensometer knife edges ‘Werev‘s‘pr'i'ngéloaded to the specimen andbperated through
specimen failure. The extensometer gage length is 1.00 mch The extensometer is rated as Class: B-Z
per ASTM E83:927, ' '

v Elevated test temperatures were obtained w1th a three-zone electric-resistance spht-tube furnace with'a

'9:inch hot:zone. All tests were. conducted i iin:‘air.

Because of the difficulty in remotely attaching a thermocouple directly to;the speeimen? the following
procedure was used to monitor specimen temperature. duomelza"lumel 'thermocoupies‘ were inserted in
' shallow holes in the ‘center and. each end of the: gage seetxon of a: dummy speclmen and in’each gnp
In the test. conﬁguranon, with a slxght load on ‘the spec:men, a plot of specrmen temperature versus
upper: -and lower-: gnp and ‘contioller_ temperatures was: developed over the range: “of foom temperatnre to
550°F (288°C) The: upper grip was ‘used to cofitrol the: furnace: ‘temperature. During the’ actual testmg
‘the. gnp temperatirés weré used o obtain desired specunen temperatures Expenments indicated that
‘this method i§ dccarate to +2°F

‘The yield load ; ultimate-load, fracture load, total elongatior,-and uniform elongation were deterfriiﬂ‘ea
}dxrectly from the Ioad-extensxon curve. The: yreld strength ultunate strenglh, and &acture strength
-determined from post-fraeture photographs The fraeture area’ used to calcilate the fracture stress (true‘
stress at fracture) and percent reduction. i in area was compiited usmg the final dxameter measurement.

$2 Charpy V-Noich Tmpact Test Resulis

‘The results. of the (irarpy V-notch: iinpaet'itestefpermeed on the various ‘materials ‘contained 'in’
.(}apsule Y whrch ‘was u'radxated to 1.02'x 10*° n/cm?® (E > 1. 0 MeV), are, presented m Tables 5— :
‘through'5-8: and are compared with unirradiated results"l as shown in Figures: 5:1 through 5- 12. “The:
transition: temperature increases and. upper’ shelf; energy decreases-for the. Gapsule Y ‘materials are
summanzed in Table 5-9.. )



»Irradratron of the’ reactor vessel. mtermedrate shell ‘plate B4106-3 Charpv specunens .oriented with' the

‘ ;'longrtudrnal axis of the specrmen parallel to the major rollmg drreetron of the plate (longrtudmal

orientation) to 1.02-x 10" n/em?® (E > 10 MeY)»at»SS,O."F (Figure:5-1) r_wulted ina BQ,tht__-Jb transition.

 temperature increase of 47°F and a 50 ft-lb transit’ion"temperature increase of 53°F. This resulted in-a
30 ft-1b transition- temperature ‘of 52°F and a 50 ft~lb transrtlon temperature of 94°F (longrtudmal

‘ .;onentatron)

“The average:upper shelf energy (USE) of thc intermediate shell platc B4106:3 Charpy specimens
(longitudinal. orientation) resulted'in a energy decrease of 3 ft:Ib after ifradiation-to 1.02.x 10" n/em®
- E s,::r.o,fMeV) at s"s‘bi’;F.v --"rhi‘sf;‘resul‘ts"-'in'sn average USE of 119 ft-Ib (Flgure51)

B 'Irradratron of the surverllanee weld metal Charpy specrmens t0 1.02: x 10'9 n/cm (E > 1 0 MeV) at
550°F (Figure 5-4) tesilted in ‘a 30 f:Ib transrtron tempeérature shift of 234°F and a SO fi-Ib transition

‘teniperature ‘increase of 276°F This. results rn a:30 ft-Ib transition’ temperature of 167°F and a-50 ft-Ib

transrtron temperature of 253°F:

32 ft-lb after rrradratron t 1.02 x'10* n/em (E >1.0. MeV) at 550°F ’I‘hrs resulted in:an average
USE of 66 fi-Ib. (Figure 54).

"(E > 1:0 MeV) at 550°F (Frgure 5-7) resulted ina 30 ft-lb transmon temperature mereese of 84°F and

a 50 t‘t-lb transition tempemture increase of 75°F /This resulted.in-a 30 b transmon temperature of '

- -84°F:and a 50 fi-Ib transitioti temperature of $36°F.

The average upper shelf- energy (USE) of the weld HAZ metal resulted in an energy ‘ "]’: case '6f 3’7

ft:1b after rrradratron oL 02 X 10‘9 n/cm (E > 1.0 MeV) at 550°F Thrs resulted m an. average USE

6110 ft-Ib (Figure 5-7)

Iradistion of the HSST 02 correlation monitor material Charpy specimeis 10 1.02.x 10 1/cn? (E->

1 0 MeV) at. 550°F (Frgure 5- -10) résulted i m 30 ‘and 50 ft-lb: transrtron temperature mcreases .of 112°F..

| Thrs rwults in a. 30 ft~lb transrtron temperature of 158°F an“_,;a-;SO ft-_,
' 9o°r=

b transition stemperawr.e;pt.

B -
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'The average upper shelf energy of the’ HSST 02 correlation monitor matenal expenenced an energy

decrease of 2 fi:Ib after irradiation to 1.02°x 10 n/cm E>10 MeV) at S5S0°F. This resulted in an
average USE of 122 fi:Ib ((Figure 5:10). |

Plots of the C'a_psulc Y Charpy Liest"resylis.-.m;yres_ented'ain Figures 513 through 5:24. -

The. fracture appearance of each irradiated. Gharpy specrmen from the various; materrals is shown in

‘temperature.

- Figures 5:25 through 5-28: and show an: mcreasrngly ductxle or tougher appearance with . mereasmg test-

. - L - e . . ‘ . " -, ) ' B N B . . v
A eon‘iparisori of the: 30, ft-Ib transition »temperature- inc‘reasesand- upper"she'lf energy decreases for the
‘various'Diablo Canyon Unit'1 survexllanee matenals with predrcted values usmg the: methods of NRC
T'Regulatory Guide 1 99 Revrsron 21‘] is presented m Table 5-10° and led to the: followmg oonclusxons

o "Thxs companson mdleates that the transmon temperature mcreases and the USE
‘decréases for mtermednate shell Plate B4106-3 resultmg from madnatron to 1. 02 X

10" n/cm (E 5 1.0 MeV) are. less than the»Regnlatory Guide predretrons

This comparison indicdtes that the surveillnce weld metal 30 £l shift i Sansiton
temperaturé is 10°F greatef than the Regulatory Guide 1,99, Revision 2 prediction, .

‘Howevet, this increase is bounded by the 2isigaia allowanice for shifisprediction of

| .56°F. The.average upper shelf energy deaease of the: surverllanoe weld. metal is less

than the Regulatory Gulde 1.99; Revision 2 predteuon

This, comparison indicaies that the HSST 02 comrelation monitor material 30 fi-lb

'shift in transition, 'tempera'ture is 10°F greater than;the Regulatory ‘Guide 1.99, :
‘Reyision 2 predrctron However, thls mc:rease is. ‘bounded by the 2 -sigma’ allowanoe

for. shtft predrcnon of 34°F The. average upper shelf energy decrease of the HSST

' ‘02 correlatlon rnomtor matenal,rs 1ess than the Regulatory Guxde 1: 99 Revrsxon 2 1

|

Appendix A.

;,_predrctxon

oy
/

" The load-tirme records for the individial instrumented Charpy specimen tests are presented'in

. AN
i



[ -  TABLESS S . 1
n Effect of 550°F lmdnatmn i0.:102'X 10" n/em? (E > 1.0 MeV) on’ the Notch Toughnms Propemes of the Diablo Canyon Usiit'1 :
Reactor Vessel Survenllance Materials® ' '

Avemge 30 (ft-lb) I f. Average 35 mil Lateral ® Avemgc 50:ft-Ib.®

Average Energy: Absorptlon ®.
. ‘Transiion Temperature: (°F') _-Expansion: Temperalure (°F) Transition Temperature CF)

at Full:Shear (fi-Ib)

" Material

urgim'di_awd Imadiated | AT Umrmdlated Imadiated | AT | Unirradiated | Iiradiated | AT | Unirradiated | Irradiated "

|| Plate B4106:3 | s sz el 2 | 75 |46 | 4o | e | S 122 | 19

|| (tongitudinal) | I R I ! N ] a
| wetdMewt | 67 | 167 [23a| <4 | 195 |20 23 | 23 |2s| 98 | e | -
| S QNS SENUE S SV S—— U S R S L e |¢
 HAZMetal | 168 | s | s | <oz | a6 |m | an | s [7| | 10

. ‘Correlation 46 158 | 1127 59 178 ;;;1?19 7 | 19
~Monitor Mt’] | ' - L o) 1 :

@) "Avemge" is derned as lhe ‘value: read from the:curve it thmugh lhe data pomls of the: Gharpy tests: (see anum 5-1 lhmugh 5-4)

(b) ‘The data.were-fit by PG&E usiing: the:EPRI Hypérbolic Tangent Curve Fitting, Roiitine, Revision 2.0 _

© ‘Values:in: paremhws were-calculated: ‘per the definition-of Upper Shelf Energy gnven i ASTM 5185-82‘7’ : _ ’ -
@ Unirradiated values presented:here are. from the Oapsule "s* Analysns‘”

514



TABLE 5-10

) Shelf Energy Decreases wuh Regulatory Guxde 1 99 Revnslon 2: Predlcnons

30 ft:Ib: Transntmn | - ‘Upper Shelf: Bnergy
|7 -Temperature:Shift | Decrease

| (X llzz)l'!:'”ll;/::m’) | Predicted ® | Me::sured | Predicted @ Measured(")
‘ (F) (R | R (%)
Toss | a3 | 2 | 1 | o
w2 | sz | w19 | 300
0305 - 1500 | 10 -} 26 - | M
ows | - | w1 - | 15
A I R T e
o35 | e | e | 1 | 2

B - RS R 7

‘Material | ‘Capsule *

|| Piate Batos:3 |
. (Longitudinal)

Surveillince Weld
- Metal

Heat Affecled Zor_le": _' .
Metal ’

|| cometation Monitor |
“Plate/HSST02. -

(a) ‘Based on’ Regulatory Guide:1.99, Revision 2 methodology usmg ‘Mean wl. %. values of Cu.and Ni: '
(b) Values in: patenlhesm were calculated ‘per-the- deﬁnmon of: Upper Shelf Energy-. gwen in AS’I'M ElSS«BZ""

U



300

250.

N
o :
-

o
‘o

wwE dW anebw Zdo
el s
n
o

so

=300 =200 =~100 O 100 200 300
' ' Tenparaturo in Deg:eas P

400 500 €00

O Unimadiated Test Data

A& Capsule Y Test Dati

Figure5-16 arpy V-Notch Impact Energy Vs.. Temperamre for Dlablo Canyon Umt 1
. Survelllance Weld Metal ‘ ’
! L 5-32.



Westinghouse Non-Proprietary Class 3

WCAP-15058 - ~ January 2003
Revision O

Analysis of Capsule V from Pacific Gas and
“Electric Company Diablo Canyon Unit 1
Reactor Vessel Radiation Surveillance
Program

(€99 Westinghouse



WESTINGHOUSE NON-PROPRIETARY CLASS 3
WCAP-15958, Revision 0

Analysis of Capsule V from Pacific Gas and Electric
Company Diablo Canyon Unit 1 Reactor Vessel Radiation
Surveillance Program

A. R. Rawluszki
J. Conermann
R. J. Hagler

January 2003

Appréved g pr [7\1»’\/

. J.A. Gresham, Ma ger
Engineering & Materials Technology

Westinghouse Electric Company LLC
Energy Systems
P.O. Box 355
Pittsburgh, PA 15230-0355

©2003 Westinghouse Electric Company LLC
All Rights Reserved




ix

, . EXECUTIVE SUMMARY

The purpose of this report is to document the results of the testing of surveillance Capsule V from Diablo
Canyon Unit 1. Capsule V was removed at 14.27 EFPY and post irradiation mechanical tests of the
Charpy V-notch and tensile specimens were performed. A fluence evaluation utilizing the recently
released neutron transport and dosimetry cross-section libraries was derived from the ENDF/B-VI
-database. Capsule V received a fluence of 1.37 x 10" n/cm? after irradiation to 14.27 EFPY. This is
equivalent to a vessel fluence at the end of the current license (32 EFPY). The peak clad/base metal
; interface vessel fluence after 14.27 EFPY of plant operation was 6.07 x 10'8 n/cmz. This evaluation lead
to the following conclusions: Specimen results are behaving in accordance with predictions. The
surveillance program, however, does not meet the regulatory criteria for credibility. Regulatory Guide
1.99 requires that all five criteria for credibility be met. For the Diablo Canyon Unit 1 surveillance
program, four out of five of the criteria for credibility were met. A brief summary of the Charpy V-notch
testing can be found in Section 1. All Charpy V-notch data was plotted using a symmetric hyperbolic
tangent curve fitting program. ~ ‘
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-1~ SUMMARY OF RESULTS

The analysis of the reactor vessel materials contained in surveillance Capsule V, the fifth capsule
removed (third capsule tested) from the Diablo Canyon Unit 1 reactor pressure vessel, led to the
following conclusions:

° The Charpy V-notch data presented in WCAP-8465"), WCAP-11567") and WCAP-13750") were

based on Charpy curves using a hyperbolic tangent curve-fitting routine. The results presented in
~'this report are based on a re-plot of all capsule data using CVGRAPH, Version 4.1. which is a
symmetric hyperbolic tangent curve-fitting program. Appendix B presents a comparison of the
Charpy V-Notch test results for each capsule based on previous fit vs. symmetric hyperbolic
~ tangent fit. Appendix C presents the CVGRAPH, Version 4.1, Charpy V-notch plots and the:

program input data. : :

° Capsule V received an average fast neutron fluence (E> 1.0 MeV) of 1.37 x 10"° n/cm? after
14.27 effective full power years (EFPY) of plant operation.

° Irradiation of the reactor vessel intermediate shell plate B4106-3 (heat number C2793-1) Charpy
specimens, oriented with the longitudinal axis of the specimen parallel to the major working
direction (longitudinal orientation), resulted in an irradiated 30 ft-1b transition temperature of
39.46°F and an irradiated 50 ft-1b transition temperature of 77.51°F. This results in a 30 ft-1b
transition temperature increase of 34.32°F and a 50 ft-Ib transition temperature increase of
38.19°F for the longitudinal oriented specimens. See Table 5-9.

5
;

° Irradiation of the weld metal (heat number 27204) Charpy specimens resulted in an irradiated 30
ft-Ib transition temperature of 135.45°F and an irradiated 50 ft-]b transition temperature of
219.26°F. This results in a 30 ft-1b transition temperature increase of 201.07°F and a 50 ft-1b
transition temperature increase of 243.43°F. See Table 5-9.

° Irradiation of the weld Hea/t-Affecled-Zone' (HAZ) metal Charpy specimens resulted inan
irradiated 30 ft-Ib transition temperature of -52.65°F and an irradiated 50 ft-1b transition
temperature of -1.98°F. This results in a 30 ft-Ib transition temperature increase of 110.9°F and a
50 ft-Ib transition temperature increase of 109.77°F. See Table 5-9.

° Irradiation of the Correlation Monitor Material Plate HSST02 Charpy specimens resulted in an
irradiated 30 ft-1b transition temperature of 163.05°F and an irradiated 50 ft-Ib transition
temperature of 197.42°F. This results in a 30 ft-Ib transition temperature increase of 116.61°F
and a 50 ft-Ib transition temperature increase of 119.12°F. See Table 5-9.

° The average upper shelf energy of the intermediate shell plate B4106-3 (longitudinal orientation)
' resulted in no energy decrease after im/idialion. This results in an irradiated average upper shelf
energy of 118 fi-1b for the longitudinal oriented specimens. See Table 5-9.

Summary of Results



The average upper shelf energy of the weld metal Charpy specimens resulted in an hverage
energy decrease of 25 ft-Ib after irradiation. This results in an irradiated average upper shelf
energy of 66 ft-Ib for the weld metal specimens. See Table 5-9.

The average upper shelf energy of the weld HAZ metal Charpy specimens resulted in an average
energy decrease of 20 ft-1b after irradiation. This results in an irradiated average upper shelf
energy of 116 ft-1b for the weld HAZ metal. See Table 5-9.

The average upper shelf energy of the Correlation Monitor Material Plate' HSSTO2 Charpy
specimens resulted in an average energy decrease of 6 ft-1b after irradiation. This results in an
irradiated average upper shelf energy of 117 ft-lb for the weld correlation monitor metal. See
Table 5-9. '

A comparison, as presented in Table 5-10, of the Diablo Canyon Unit 1 reactor vessel
surveillance material test results with the Regulatory Guide 1.99, Revision 2 predictions led to
the following conclusions:

—  The measured 30 ft-Ib shift in transition temperature for all the surveillance materials of
Capsule V contained in the Diablo Canyon Unit | surveillance program are in good
~ agreement or less than the Regulatory Guide 1.99, Revision 2, predictions.

~—  The measured percent decrease in upper shelf energy for all the surveillance materials of
Capsules V contained in the Diablo Canyon Unit 1 surveillance program are less than the
Regulatory Guide 1.99, Revision 2 predictions.

The credibility evaluation of the Diablo Canyon Unit 1 surveillance program presented in
Appendix D of this report indicates that the surveillance results are not credible. This is based
on not satisfying the third criterion for credibility.

All beltline materials exhibit a r_no're than adequate upper shelf energy level for continued safe
plant operation and are predicted to maintain an upper shelf energy greater than 50 ft-1b
throughout the life of the vessel (32 EFPY) as required by 10CFR50, Appendix G '

The calculated and best estimate end-of-license (32 EFPY) neutron fluence (E> 1.0 MeV) at the
core midplane for the Diablo Canyon Unit 1 reactor vessel using the Regulatory Guide 1.99,
Revision 2 attenuation formula (i.e., Equation #3 in the guide) are as follows:

Calculated: Vessel inner radius* = 1.26 x 10" n/cm?®
Vessel 1/4 thickness = 7.51 x 10'® n/cm?

" Vessel 3/4 thickness = 2.67 x 10'® n/cm?

Summary of Results



Table 4-3 Chemical Composition (wt%) of the Diablo Canyon Unit 1
Reactor Vessel Surveillance Materials (Unirradiated)®®
HSST 02
Element Intermediate Shell Plate Weld Metal Ladle C'heck
B4106-3
0.010 0.009 - -
C 0.200 0.140 10.22 0.22
Si 0.250 0.450 0.22 0.25
Mo 0.460 0.480 0.53 0.52
Cu 0.077 0.210 - 0.14
Ni 0.460 0.980 0.62 - 0.68
" Mn 1.330 1360 1.45 1.48
Cr 0.035 0.060 - -
\Y 0.001 0.001 - -
Co 0.001"™ 0.001% - -
Sn 0.007 0.010 - -
Zn 0.001® 0.056 - -
Ti 0.001" 0.010 - -
Zr 0.001' 0.030 - -
As 0.009 0.016 - -
Sb 0.00t 0.003 - -
S 0.012 0.025 0.019 0.018
P 0.011 0.016 0.011 0.012
Al 0.036 0.018 - -
B 0.003" 0.03 - -
Notes:

(a) Not detected, the number represents the minimum of detection.

(b) Surveillance weld was made of the same weld wire Heat 27204 and Linde 1092 Flux as the beliline

region reactor vessel intermediate and lower shell longitudinal weld seams. Linde 1092 flux lot
3714 was used 1o fabricate the surveillance weld whereas flux lot 3724 and 3774 was used to

fabricate the intermediate and lower shell longitudinal weld seams respectively.

(c) This table was taken from WCAP-13750',

Description of Program
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The best estimate copper and nickel weight percent remains as p’resenled in the Diablo Canyon Unit 1
FSAR. The values used for the intermediate shell plate B4106-3 (Heat Number C2793-1) in all
calculations documented in this report are as follows:

Cu wt. % = 0.086, and

Ni wt. % =0.476

The values used for the surveillance weld (Heat Number 27204)* in all calculations documented in this
report are as follows:

Cu wt. % = 0.198, and
Ni wt. % = 0.999

* The overall best estimate Cu and Ni for heat 27204 is 0.203 Cu and 1.018 Ni. These values are
documented in the Diablo Canyon Unit 1 FSAR.

Description of Program



calculated using the original cross-sectional area. The final diameter and final gage length were
determined from post-fracture photographs. The fracture area used to calculate the fracture stress (true
stress at fracture) and percent reduction in area was computed using the final diameter measurement.

5.2 CHARPY V-NOTCH IMPACT TEST RESULTS

The results of the Charpy V-notch impact tests performed on the various materials contained in Capsule
V, which received a fluence of 1.37 x 10" n/em®(E> 1.0 MeV) in 14.27 EFPY of operation, are presented
in Tables 5-1 through 5-8 and are compared with unirradiated results'® as shown in Figures 5-1 through
5-12. ‘

The transition temperature increases and upper shelf energy decreases for the Capsule V materials are
summarized in Table 5-9 and led to the following results:

Irradiation of the reactor vessel Intermediate Shell Plate B4106-3 (heat number C2793-1) Charpy
specimens, oriented with the longitudinal axis of the specimen parallel to the major working direction
(fongitudinal orientation) resulted in an irradiated 30 ft-Ib transition temperature of 39.46°F and an
irradiated 50 fi-Ib transition temperature of 77.51°F, This results in a 30 ft-1b transition temperature
increase of 34.32°F and a 50 ft-1b transition temperature increase of 38.19°F for the longitudinal oriented
specimens. See Table 5-9.

Irradiation of the weld metal (heat number 27204) Charpy specimens resulted in an irradiated 30 ft-Ib
transition temperature of 135.45°F and an irradiated 50 ft-Ib transition temperature of 219.26°F. This -
results in a 30 ft-1b transition temperature increase of 201.07°F and a 50 ft-1b transition temperature
increase of 243.43°F. See Table 5-9.

» Irradiation of the weld Heat-Affected-Zone (HAZ) metal Charpy specimens resulted in an irradiated
.30 ft-1b transition temperature of ~52.65°F and an irradiated 50 ft-1b transition temperature of —1.98°F.
* This results in a 30 ft-Ib transition temperature increase of 110.9°F and a 50 ft-Ib transition temperature
increase of 109.77°F. See Table 5-9.

Irradiation of the Correlation Monitor Material Plate HSST02 Charpy specimens resulted in an irradiated
30 ft-Ib transition temperature of 163.05°F and an irradiated 50 ft-1b transition temperature of 197.42°F.
This results in a 30 ft-1b transition temperature increase of 116. 6]°F and a 50 ft-Ib transition temperature
increase of 119.12°F. See Table 5-9. :

The average upper shelf energy of the Intermediate Shell Plate B4106-3 (longitudinal orientation)
resulted in no energy decrease after irradiation. This results in an irradiated average upper shelf energy
of 118 ft-Ib for the longitudinal oriented specimens. See Table 5-9.

The average upper shelf energy of the weld metal Charpy specimens resulted in an average energy
decrease of 25 ft-Ib after irradiation. This results in an irradiated average upper shelf energy of 66 ft-1b
for the weld metal specimens. See Table 5-9,

Testing of Specimens from Capsule V
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The average upper shelf energy of the weld HAZ metal Charpy specimens resulted in an average‘energy
decrease of 20 ft-Ib after irradiation. This results in an irradiated average upper shelf energy of 116 ft-Ib
for the weld HAZ metal. See Table 5-9.

The average upper shelf energy of the weld correlation monitor metal Charpy specimens resulted in an
average energy decrease of 6 ft-]b after irradiation. This results in an 1rradnated average upper shelf
energy of 117 ft-1b for the weld correlation monitor metal. See Table 5-9. .

. A comparison, as presented in Table 5-10, of the Diablo Canyon Unit 1 reactor vessel beltline material
test results with the Regulatory Guide 1.99, Revision 2!") predictions led to the following conclusions:

—  The measured 30 ft-1b shift in transition temperature for all the surveillance materials of
' Capsule V contained in the Diablo Canyon Unit 1 surveillance program are in good
agreement or less than the Regulatory Guide 1.99, Revision 2, predictions.

—  The measured percent decrease in upper shelf energy for all the surveillance materials of
~ Capsules V contained in the Diablo Canyon Unit 1 surveillance program are less than the
Regulatory Guide 1.99, Revision 2 predictions. :

The fracture appearance of each irradiated Charpy specimen from the various surveillance Capsule V
~ materials is shown in Figures 5-13 through 5-16 and shows an mcreasmgly ductile or tougher appearance
with increasing test temperature.

All beltline materials exhibit a more than adequate uppef shelf energy level for continued safe plant
operation and are predicted to maintain an upper shelf energy greater than 50 ft-Ib throughout the life of
the vessel (32 EFPY) as required by 10CFR50, Appendix G .

The load-time records for individual instrumented Charpy specimen tests are shown in Appendix A.

The Charpy V-notch data presented in WCAP-8465", WCAP-11567" and WCAP-13750"! were based
on hyperbolic tangent curve fitting. The results presented in this report are based on a re-plot of all
capsule data using CVGRAPH, Version 4.1!"*), which is a symmetric hyperbolic tangent curve-fitting
program. Appendix B presents a comparison of the Charpy V-Notch test results for each capsule based
on previous fit vs. symmetric hyperbolic tangent fit. Appendix C presems the CVGRAPH, Version 4.1,
Charpy V-notch plots and the program input data.

Testing of Specimens from Capsule V
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Table 5-2 Charpy V-notch Data for the Diablo Canyon Unit 1 Surveillance Weld Metal
Irradiated to a Fluence of 1.37 x 10" n/cm? (E> 1.0 MeV)

Sample Temperature - ~ Impact Energy Lateral Expansion Shear
Number |  °F °C f-bs | Joules mils mm %
Wil 25 4 1 15 ! 0.03 5
WI3 100 .38 23 31 | 13 0.33 15
" w2 150 66 36 49 25 0.64 25
wo | 200 93 37 50 24 0.61 30
W10 225 107 52 71 37 0.94 80
wis | 300 149 71 96 51 130 100
W14 325 163 60 81 50 127 100
W16 350 177 66 89 48 1.22 100

Testing of Specimens from Capsule V
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Table 5-10 Comparison of the Diablo Canyon Unit 1 Surveillance Material 30 ft-1b Transition
' Temperature Shifts and Upper Shelf Energy Decreases with Regulatory Guide 1.99,
Revision 2, Predictions

30 ft-Ib Transition Upper Shelf Energy |

‘Temperature Shift Decrease
. Material Capsule Fluence® Predicted Measured Predicted Measured
(x 10" n/em’, F)® P (%) ™ (%)
E> 1.0 MeV) _
Inter. Shell Plate S 0.284 36.2 -1.78 14 0
B4106-3 Y 105 56.0 48.66 19 | 68
(Longitudinal) \Y 1.37 60.0 34.32 20 . 0.
Weld Metal S 0.284 1458 110.79 25.5 110
(heat # 27204) Y 1.05 2254 | 23259 | 345 34.1
\Y 137 2416 | - 201.07 36.5 275
HAZ Metal S 0.284 . 72.31 -- 8.1
Y. 105 .- 7977 | -- 19.9
\Y C137 -- 110.9 -e 14.7
Correlation Monitor S 0.284 73.01 65.62 - 2.4
Material Y 1.05 1129 | 11579 -- 8.9
\Y 1.37 121.0 116.61 - 4.9
Notes:

(a) Basedon Regulatory Guide 1.99, Revnsmn 2, methodology usmg the mean welght pcrcem values of copper
and nickel of the surveillance material. s

(b)  Calculated using measured Charpy data plotted using CYGRAPH, Version 4.1 (See Appendix C)
(c)  Values are based on the defi nition of upper shelf energy given in ASTM EI 85-82.

(d) The fluence values presented here are the calculated fluence values not the best estimate. For best estimate
values see Section 6 of this report.

Testing of Specimens from Capsule V '
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SURVEILLANCE WELD METAL

CVGRAPI 41 Hyperbolic Tangent Curve Printed al 122047 on 08-19-2002

Results
Corve  Fluence LSE d-1SE USE d-USE Ted d-Tod) TeH d-T o 50
10 219 0 9 0 -65.62 0 2416 0
2 2B4EHD 219 0 )| -10 4517 11078 12038 - 14454
3 1L05E+9 22 0 60 -3 16697 23259 2573 27199
4 137E+19 219 0 66 -2 13545 20107 21926 24343
300
250
L
T
i 200
9
~ 150
<V}
-
=]
100 =]
- e
a ) —h
et -
O 8/ N _{./’ g Qﬁ::: S
50 y e 5 48
S 5o
8 ’J, ; 2\/", ©
_____ r-""'"’:_._ —,g_‘//_,.j’/
-300 -200 -100 © O 100 200 300 400 500 600
Temperature in Degrees F
Curve legend
1o—— 20 1o § o
\ Data Selfs) Plolted
Curve Plant Capsule Malerial Ori.  Healf
1 i UNIRR WELD LINDE 1092 27204 FLUX 10T 3714
2 a1 S WELD LINDE 1092 2r04 FLUX LOT 3714
3 1 b WELD LINDE 1092 21204 FLUX 10T 374
9 10 Y WELD LINDE 1092 2204 FLUX 10T 3714
Figure 5-4  Charpy V-Notch Impact Energy vs. Temperature for Diablo Canyon Unit 1 Reactor

Vessel Weld Metal

Testing of Specimens from Capsule V



5-21

SURVEILLANCE PROGRAM. WELD METAL

CVGRAPH 41 Hyperbolic Tangenl Curve Printed al 123039 on 08~19-2002

. Results
Curve  Fluence USE - d-USE  TelEH d-T o LEBH
1 0 817 ] -4652 0
2 2B4E418 7391 45 9528 14181
3 105E419 - 6124 -2693 19425 - 0m
4 LI7EH9 5447 -7 2056 26719
200

n

:“é, 150

@

"4

- 100

—_—t .

«

e

@

-+

.

1 50

0 . : .
-300 -200 —100 0 100 200 300 400 500 600

‘Temperature in Degrees F

- Curve Legend

10— 20 30

4%—.._.__

Data Selfs) Plotted

Curve Planl Capsule Halerjal Ori.  Bealf
1 11 UNIRR ° WELD LINDE 1092 27204 FLUX 10T 3714
2 D S WELD LINDE 1092 2724 FLUX LOT 3734
3 x oy WELD 1INDE 1092 21204 FLUX 10T 3714
4 Xt \ WELD LINDE 1092 27204 FLUX LOT 3714

Figure 5-5  Charpy V-Notch Lateral Expansion vs. Temperature for Diablo Canyon Unit 1
Reactor Yessel Weld Metal

Testing of Specimens from Capsule V



5-22

Percent Shear

SURVEILLANCE PROGRAM WELD METAL

CYGRAPH 4.1 Nyperbolic Tangent Curve Printed at 124450 on 08-19-2002

Resuits
Corve  Fluence T © 507 Shear d-T o 50v Shear
] 0 . -1593 0
2 2BEHS 1074 126.67
3 1.05E+19 16875 18168
4 LIEHY 20156 275
100 ' 9
m] / /.//,/- ’/’a
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/ ‘/ ///
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Curve Legend
| b— 20 --mmemmmes jo § o
Data Sells) Plotled
Curve Plant Capsule Malerial O Healf
] 1 UNIRR WELD LINDE 1092 27204 FLUX 10T 3714
2 X1 5 WELD LINDE 1092 2R04 FLUX LOT 3714
3 10} Y WELD LINDE 1092 27204 FLUX LOT 3714
4 b1 v WELD UNDE 1092 27204 FLUX 10T 3714

600

Figure 5-6  Charpy V-Notch Percent Shear.vs Temperature for Diablo Canyon Unit 1 Reactor

Vessel Weld Metal
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‘after i

'location of the spec1mens was, de ermlned to be 4 4 X 10

- magimtin’ exposure was determined to be 3.2 % 10
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»ﬁaréh'iﬁsfl979‘

- SUMMARY N

Capsule A=240 was’ Tefioved. from the Palisades Nucleat:

26 equivalent full power years of reactor operatlon The capsule was

sent ‘to’ the Battelle Columbus Hot Laboratory~for examination and evaluation
The' irradiation temperature did not exceed 536 F as 1nd1cated by
the examination of" the 12 ‘thermal monitors. The neutron fluence at thé

19 nvt (E>l MeV),

1n the. capsule. At ithie" vesselfwall the
19.

n/cm at 32 full power’ years.:

The radiatlon-lnduced changes in' the mechanical properties of

'.pressure vessel material spec1mens were determined Charpy impact spec1mens

were used to determlne changes: in the 1mpact behavior, including the shifts
in the. transition temperature region and the drops in the upper shelf energy
level. Evaluation of the ten31le property spec1mens includéd: the yleld and

ultimate strengths as" well as elongation and reduction in area.
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Charpy Impact Propérties

’\\

This section contalns results and. discu551on pertaining ‘to the

fCharpy 1mpact testing Appendix A contains further results and. discussion

"frelating to the 1nstrumented procedures‘used during the 1mpact testing

The impect prqperties‘determined -ag-a func on, of temperature are .

1isted ‘in Tables -9 th:qughafta In. addition to ‘the impact energynvaluesg the
tables also list the measured valuyes gfwlaceréinexpansion:an&.theTestimated

fracture .appedrance for each specimen; The:leﬁe;élﬁsxpansignaievafmeesure

of ‘the deformation produced by the striking edge of the impact machine hammer
whenfitﬁimpaCts;tﬁejspecimen; it is thé change iﬁ»sﬁeCimen thickﬁess

‘-difeétly“édﬁécént to the notch Tocation. The ‘fracture appearance is

a visudl estimate of the amount of: shear 0T ductlle type. of fracture appearing

a3} the specimen fracture surface.

....

'Ihesetfigures‘shew the;change in- 1mpect prg ptieswes¢aﬁﬁunctiqn§9£‘temperee».«

‘turé, ineluyding-both the. impact: -‘enérgy ‘and -the lateral ekpansion.: Figures 15
‘through 18 show the. fracture 'surfaces of ‘the.Charpy specimems.

Table 13 summarizes the Palisades 30: and 50, t-1b transition tempera-
‘ture, tﬁée35'mils;1étérél-ekpensiqn temperature; éhé-?héz@ppéfgshelﬁ”eqexgy“ﬁep-
‘the present ‘program and ‘for the éarlier unirradidted ‘program. -4s. indicated
previously in the neutron dosimetry section, tHé“Ghafpy-specimens~réceivedwa
faitly yniform exposure. "The neutron -exposures based on thie iron dosimeters
Y nfen? (Lwew). P

be assigned to each of: the - féur*Charp? metéfiaIs*wn

‘tariged from . 4 3 to 4.6 x 10 nlcularlexposure‘values can

nce specimens of a partlcu-T':“

' ,lar material were all located in a, given Charpyxcomparmment. U31ng a conserv =

tive,apprgachy 240 recelved exposuresA

‘the. four Charpy materlals from Capsule:A—

éstimated es{follows,

~

;BséeVlﬁﬁgitﬁaiﬁéii sk 10 g x7(>13MéV)
Base ‘transverse, h.dxi 1052 /i cm (1 MeV)
Weld, - 456 x _l"OP n/ cm (>1 Mev)
HAZ, | . S 43 x:lng n/cm (>1 MeV)4

The-impact properties of the Palisades base mef51,-we1a metal; .and HAZ metal
are all significantly affected by dirradistion, as can be seen in the figures

of impact ‘etiergy ‘and . lateral eXpans1on versus temperature (Figures ll through 14)
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1'©: O urirradiated Baseline
| ® B irradiated Capsule A-240
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1 O O Unirradiated Baseline "
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TABLE 13. SUMMARY ‘OF CHARPY IMPACT PROPERTIES.FOR PALISADES

- S ‘ o Upper L
Fluence: . ,
E>1 MeV, 30 ft= lb 50 ft-lb . Shelf

o _ 19 2 ’Tran51t10n Transition E_
 Materisl Program % 10" n/ecm  Temp, F Temp, F o ft

(a)

‘Base: L™

Base 1%

Ref 10 0 0 420 - 165 #5
bresent. 4.5 - #05 . #2350 95 4290
(b

' ‘Base: T5‘(-
+(b)

Ref 10 0 25 . +55 105 40
Présert. bl +230. #270 . 68 . #235

Weld - Refl0 0 -8 =50 120 -85
Weld . Present 4.6 %265 4305 .54 4285

CHAZ . Ref10 0 =90 . =65 . 135 55

, (a) Base metal longitudinal orientationg
1.(b) Base metal transverse orlentatlon

For - the four materlals in Capsule A-240 the 50-ft%1b and 30 ft—lb

frespectlvely Thé 35-mil lateral ‘expansion temperature range ifrom 205 F to

285 F; “and. the upper- ‘shelf. -energy levels ‘range: from 54 £0: 95:-~f1b. The: upper
»shelf energy levels' were taken as being the h1ghest p01nt of the curve drawn'

through the points..
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Table 14 is a comparison of the 50. ft-1b and 30 fe=1b transition
temperature shlfts and thé 35-mil lateral expans1on temperature Shlft due
to 1rrad1at10n for the present. program The. 50: Et=1b- transition temperature
Shlft is defined .as -the. 1ncrease 1n the 1rrad1ated 50 ft 1b temperature with. -
respect to! the unlrradlated 50 ft 1b temperature. The 30 ft—lb transition f ,}1“
temperature Shlft ‘and the- 35—m11 1ateral expan510n temperature shift are o
srmllarly deflned As can. be - seef, the greatest Shlft occurs: for the weld.

meterial in all,thtee cases’.

TABLE 14, 50 FT—LB 30 . FT—LB -AND 35—MIL LATERAL
EXPANSION TEMPERATURE SHIA DUE TO
IRRADIATION FOR PALISADES CAPSULE A—940

ft=1b

.30 ft-1b

. :Fluehee, o PO BESLD o e b
E,;eﬁzsf ‘ _?I?nS}tipnf o Tre nsition
. - 19 - 2 Temperature.- | Temperature
Material P 10 n/cm © o shift, F ' i
Base 11% IR o ases a2 T
ase 7% a6 4205 oo 195
Weld 46 #350 . . 355 370

(a) Base longitudifal orientation.’
(b) fﬁasegtransverse"orientation

In. comparing the 50 ft- lb shift to the 35: il 1ateral expan51on: ‘
shift for. each of the four materials, note that the weld metal 35—m11 ‘
“latéral: expansion Shlft is greater than the weld metal 50 ft 1b shift, but
the reverse 1s(true for the other three materlals

In con51der1ng the Charpy results, it should ‘be: reallzed ‘that thls
surveillance: capsule is an accelérated ope, and has .a very ‘high lead factor
of 19.4. 'Thfs.meens the flux' the specimens in thée- capsulé receive "is much.
higher than any- point in the vessel wall. -Further Palisades: ¢apsules to bé
examlned include ones: Wlth s1gn1f1cantly lower lead factors, 'more. closely
.approximatély the vessel wall The actual locatlon of the various survelllance

capsules ingide- the pressure Vessél are given in Flgure C—l ‘of Appendix Cv
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J
The - reference temperature RTNDT’ was determined-preVicusLy'fbr the
unirradlated base transversé material to be O F(ZB). The protedure for -the
‘."determlnatlon of the RTNDT is. deflned by - the ASME ‘Boiler and Pressure Vessel
“Code(24), Appendlx"h "Reactor Vessel Materlal Survelllance Program ‘
_Requ1rementsv, o lOCFRSO spec1f1es how an adjusted reference temperature for

irradiated speclmens ¢an be determined (25) Thls temperature can. be. used

in rev131ng ‘the ‘plant pressure-temperature operatlng ‘cuitves dn. those cases

' where the fluence of ‘the 1rrad1ated specimens is. in the range to be exper1~

' ﬂenced by the pressure vessel “The. adJus ereference temperature defined by :
‘Appendlx H is determinéd: by. adding to the reference temperature the amount of
xthe temperature'shlft-ln the'Charpy curves between thevunlrradlated materlalrand'
the 1rradiated materlal measured at the: 50 ft= lb level, or that measured at ‘the

.35=m11¢lageral 3§P39§10Q‘1?V915 Wh;ehevetftemperature shift is greater.

s

Tensile Propérties

THe tensile properties determined for-thé*péﬂéfie'gpéeiméﬁ'csﬁtaiﬁea
. in: the Palisades capsule A=240 are listed in Table '15. The table lists test

.Qtempeﬁature,flﬁéncey-Oggiperc”ﬁt,OffeeéSyf ;dlstrength, ultlmate tensile

'strength, uniforn elorgarion, total elongation, and reduétion in area for the
present; program as well as for -the unirradiated baséline prograii. Post-teést

photographis of the tensile specimens are shown in Figure 19. These photographs

© show ‘the -necked down tegion of the gagé length and ‘the fracture. A typical

‘tensilé test curve -is shown. in Figuré‘zoiithe‘particularfgesﬁJsﬁéyg‘iép?@tfhﬁﬁé{

gmetal specimen 1D4 tested at 72 F. , . ' |
Ten51le tésts were run. at'room temperature (69 to 73 F), 535 and 565 F..

The higher température. tests-exh1b1ted a .decrease . 1n O 2 percent offset yleld

?strength and a decrease in ultlmate tensile strength for’ each materlal with.

:respect to the room temperature tests.[ Th - general ductillty values (as B

lndetermlned by total elongatlon and reduct1on in area) decreased at hlgher

Palisades tensile spec1mens Were located in. the v1c1nity of 1ron

19

’ d051meters Whlch recelved fluences ranglng ‘from 4. 3 to 4. 6 x 107 n/cm

‘(§>l:MeV)‘\HWhen the - tensa‘erdatazﬁQr-Qapsule;Afzﬁﬂrmﬁ<egmpared»co~the~unirpadiate
 baseline data (Tablé 5) it ¢ah be &eén that: as fluente incréasgs, the yield

‘strength and temsile. stréngth inérease whilé. ductility decreases.
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SECTION 1
SUMMARY OF RESULTS .

The. analysis of the material contained in CabsUWe T-330, the first fhermall
surveillance capsu]e removed from ‘the Consumers Power Company $ Pa11sades .
»reactor pressure vessel, led to theufo]1ow1ng conclusions:

o . The weld and heat-affected zone metal has\experienced:au605709?7555%t
in the ductile to brittle transition ‘témperatures due to exposure to
elevated temperature. '

- The analysis of the iaterial contdined in Capsyle W+290, the second irradiated
surveillance capsule to be removed from the Consumers Power -Company Palisades
reactor pressure vessel, ‘led to ‘the following conclusions:

o The .capsule. received an average fast neutron fluenc - (E>1 OMev):"fj
1.09 x 1019 n/cm2

0 Irrad1at1on of the reactor vesse] 1ntermed1ate she]l course plate
D-3803:1, to 1.09 & 10Y° n/cm, resulted in 30 and 50 ft-1b
trans1t1on temperature 1ncreases of 155 and 160 F respect1ve1y, for

~ specimens or1ented perpend1cu1ar to the. prwncapal rol]1ng d1rect1on'
(transverse orlentat1on), and 175 F and 180° F, respect1ve]y, for :
spec1mens oriented parallel to the principal ro]]nng d1rect1on
(1ong1tud1na1 orientation). ‘

o 'Weld metal irradiated to. 1,09 -x Ibig n/tnz ‘resul ted in 30 and
50 fi- 1b trans1t1on temperature incréase ‘of 290 -and 300°F
.respect1ve1y

- 6 The average upper shelf energy of &11 the sirFveillance materials

remained above 50 ft-1bs, thereby prov1d1ng adequate toughness for
continued safe plant operationy

ARAAR_ 1L AAARAL a4



o Comparison of the 30 ft-1b transition temperature i ncreases for the
Palisades surveillance matefial with predicted increasss. using the
methods of NRC ‘Regulatory Guﬁdé‘i’gg Revigﬁon 1, shows that the wer’
'»metal trans1t1on temperature increase. was greater than. predmted It
is. suspected that the relatwe]y high n1ckel content’ of the we]d metalh '
c ontmb_uted to the greater than ‘predncted transition temp,er,atune '
increase experienced by ‘the weld. mietal:

8092B:1b-092684 1=



;these test results it appears that a m1xup in monitors occurred dur1ng ‘the -
“initial 1oad1ng of the capsules and therefore a reliable estimate of thev
¢capsule téfperaturé candot be determined from the thermal monitors:

53 c,ﬂ,smtxcx\L s.\ANA,L:Y;s'Ls'

~'fChem1ca1 ana]yses were performed on fractured Charpy V notch spec1mens 1n

;order toé confirm. the chemical compos1t1on of the survex]]ance p]ate and we]d
'matertals The chémical analysls results are summar1zed in'Table 5-1. The
most notable feature of these analyses is the great var1ance measured in the o
sv‘n1cke1 content, spec1f1ca11y from 95 to 1: 60 wt / From the h1gh n1cke]

'fweJdment and from the n1cke1 var1ances observed 1t ‘€an be concluded that the :
:ratefof?N1ckel 200.add1tnon ‘was varaed durnng‘weld1ng.

5.4, CHARPY. V-NOTCH IMPACT TEST RESILTS
iﬁépsuterTh330:

“The results; of “the Charpy V- notch 1mpact tests performed on the. var1ous
‘materfals contained in Capsu]e T+330; the- therma1 capsu]e, are presented AR
Tab]es 5-2 through 5- 9 and Figures 5 1 through 5 4 From the Charpy y- notch
'plots based on best eng1neer1ng Judgement it. appears: that theywe1d and

hedt~ affected zone metals have exper1enced a 60 to 70°F sh1ft jn the. duct11e
to brittle trans1t1on temperatures due to exposure. to elevated temperature,
but noe decredse ‘in. upper she]f ‘energy:

-The: fracture appearance of each Charpy spec1men from the var1ous mf‘”l** S
shown. 1n F1gures 5% 5 through 5 8, and show an 1ncreas1ng duct11e or toug_er .

o~

appearance. with. 1ncreas1ng test temperature

A typical ‘instramented - Charpy curve; representtng the curves of ‘both Capsu]e
T-330 and Capsule W= 29Q ‘s presented in thure 5 9
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“Capsile §-290:

"d The resu]ts;of the Charpy V notch 1mpact tests performed on the varwous

2
n/cm ;- are

ield metal irradiated: to 1:09-x 1018 n/cm2 (‘F"i'éb’r‘e 5412) vé B
and 50 ft Ib tran,,;Jln,temperature 1ncreases of 290 an“»»: df»‘réspectﬁyéiy,
‘ and an upper shelf energy decrease of 54 ft 1b ‘ ’ '

1,Ne1d HAZ metal 1rrad1ated to l 09 *® 1019 n/cm2 (ngure'S- resu1ted wn
,f30 and 50 ft-1p trans1twon ‘temperature. 1ncrease5vof 235 and 245 Fy
‘°respect1ve1y, and an upper. she]f energy decrease of 44 ft 1b

, eThe fracture appearance ef each‘Trrad]atedTChar'y;spec1men‘frem the various

A A R ) 5 - -



The reguiatory curves Qsed for comparison were developed from the average
copber and phosphorus contents (averages of the analyses presented in Tables
4-1 and 5-1) of plate D-3803-1 and the weld metal. This comparison shows that
the plate transition temperature increases resulting from irradiation to 1.08
X 1019 n/cm2 are less than predicted by the Guide for plate D-3803-1. The
weld metal transition temperature increase resulting from 1.09 «x 1019 '

n/cm2 is greater than predicted by the Guide. This can be explained by the
high nickel content of the weld metal. It is widely recognized today that
nickel has a profound effect upon the irradiation damage of reactor vessel
materials, whereas the current revision of Regulatory Guide 1.99 does not
incorporate this important variable.

5-5. TENSION TEST RESULTS
Capsﬁle T-330:

The results of the thermdl capsuie tension tests performed on plate D-3803-1
(longitudinal orientation) and weld metal are shown in Table 5-19 and Figures
5-19 and 5-20, respectively. These results show that the thermal environment
produced 1ittle change in the 0.2 percent yield streﬁgth of the plate and weld
material. Fractured tension specimens for each of the materials are shown in
Figures 5-22 through 5-24. A typical stress-strain curve for the tension
specimens, representing the curves of both Capsule T-330 and Capsule W-290, is
shown in Figure 5-25.

Capsule W-290:

The results of the irradiated capsule tension tests performed on plate
D-3803-1 (longitudinal orientation) and weld metal irradiated to 1.09 x 1019
n/cm2 are show in Table 5-20 ‘and Figures 5~26 and 5-27, réspectivg]y{ These
results show that irradiation produced an increase in the 0.2 percent yield
strength of approximately 20 ksi for plate D-3803-1 and of approximately 30
ksi for the weld metal. Fractured tension specimens for each qf the materials
are shown in Figures 5-29 through 5-31. (

80928:1b-102984 - 5-6
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Average;
o 30-£t-1b Temp (2F)
“ Material . Unirradiated Irradiated’
Plite 5 180
0+3803-1
- (Transvarse)
Plate .0 © 175
0-3803-1 -
(Longitudihal)
Weld Metal -85 205
HAZ Meta)  -90 145

155

178"

290:

235

ﬁverage‘35 mil.

- . TABLE 518
EFFECT:OF IRRADIATION AT 1.09 x 1012 (E: > 1 Mev)
ON THENOTCH TOUGHNESS. PROPERTIES, OF THE
PALISADES SURVEILLANCE VESSEL MATERIALS.

Lateral Expans1on Témp- (°F)

Unlrradaated Irradiated AT
25 195. 170.
) 190: 185
=75 . .240¢ 315
w5 160 215

Average
50 Ft=1b Temp (°F)
Un1rrad1ated lrrad\ated'

55 215.

s
20 200,
=50 }250?
65 180:

:AT

160

180.

3000

245

Average: Energy. Absorption
-at Full Shear (ft-\b)
Irrad1at¢d

Un1rrad1ated

102
155

‘118

116

84a-

1127

64:

72

Afétlrlb).

18:

43"
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SECTION L0
SUMMARY OF RESULTS

The ‘analysis of the reactor vessel materials contained in surveillance Capsile W-110, the segond vessel
wall capsule assembly to be removed ﬁ'om the. Consumers Power Compa.uy Palisades reactor pressure

vessel,. led to the: followmg conclusmns

o THe capsule received an average fast neutron flience of 1.779 x 10° ncm? (E > 1:0'MeV)
after9.95 EFPY of plant operation. |

o Irramanon of Lhe reactor vessel mtermedmre shell plate D-3803-1 Charpy specxmens onented
with the longxtudmal axis of the specimen parallel to the major rolhng duecuon (longitudinal
otientation), to 1:779°x 10" n/cm’ (E > 1.0 MeV) resulted in a 30 fi:1b tranisition temperature

-~ increase of 180°F and a 50 ft:lb wansition temperature increase of 190°F. ‘Thisresults in an
u’radmted 30 ft-lb ransition:temperature of 180°F and.an. u'radlazed 50 fr:1b. transmon
;temperaru:e of; 210°Fx for: long1tudma11y onenwd specu:uens

o Ladiion of the surveillange weld metal Charpyspemmens to 1779'% 10° em? (B> 1.0
MeV) resulted .in:a 30 fi:lb u'ansiiﬁon‘tempel'ahire increase of 314°F. and 2 50 fi-1b transiﬁon
témperatire increase of. 355°F Thxs results in an 1rrad1ated 30: xft-lb transmon temperamre of

© 229°F and ‘dn, irradiatéd: 50 ft-lb tranisition temperature of 305°F for the weld mietal.

) Irradiation of the reactor’ vessel weld Heat-Affected-Zone: (HAZ) metal Charpy. specimmens:to
1. 779 X 1019 n/cm’ (E > 1:0-MeV) resulted m a30 ft~1b transmon temperamre mcrease of
240°F and’a 50:fi:lb’ transxuon temperature increase of 275°F,. ‘This: resultsm an u'radJated 30
“ft- 1b, ‘transmonetemperam:e of 150°F and ail irradiated 50 fi-Ib -uansm_qn ‘tetrperatre .of 2~109F
for the weld HAZ metal, |

0 Tmadiarion of thé reactor vessel Correlation Monitor Standard Reference Material (SRM)

. métal Charpy specimens'to 1:779 % 10° iem? (E >°110 MéV) resulted i 430 ft-lb traiisition
temperature increase of 148°F and a 50 fi-1b’ transmon temperature inicréasé-of 158°F, This.
results in an irradiated 30:ft-Ib transition temperamre of '163°F and an irradiated 50 fi-1b.

itransmon temperamre of 203 °F for the-weld HAZ metal,

1=l
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Irradiation of intermediate shell plate D-3803-1 (longitudinal orientation).to 1.779 x 10"
n/em’ (E > 1.0 MeV) resulted in an irradiated average upper shelf energy decrease of 52

ft-1bs, resulting in an irradiated upper shelf energy of 103 fi-lbs.

The average upper shelf energy of the weld metal decreased 56 ft-Ib after irradiation to 1,779
x 10* n/fcm’ (E > 1.0 MeV). This results in an irradiated upper shelf energy of 62 ft-1b for

the weld metal specimens.

The average upper shelf energy of the weld HAZ metal decreased 35 ft-Ib after irradiation to
1779 x 10*° n/em’ (E > 1.0 MeV). This results in an irradiated upper shelf energy of 81
ft-1b for the weld HAZ metal.

Irradiation of SRM metal to 1.779 x 10" n/cm’ (E > 1.0 MeV) resulted in an irradiated
average uppér shelf energy decrease of 34 ft-lbs, resulting in an irradiated upper shelf energy
of 99 ft-lbs. ‘

The surveillance Capsule W-110 test results indicate that the 30 ft-1b transition temperature
shift of the surveillance materials is in good agreement with Regulatory Guide 1.99, Revision
2 predictions and that the upper shelf energy decrease of the surveillance maierials, except for
the weld metal, is less than the Regulatory Guide 1.99, Revision 2 predictions (Table 5-8).

Per Reference 6, the Surveillance Capsule Removal Schedule will not be generated as part of
this analysis. ' : )
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The extensometer gage length is 1.00 inch. The extensometer is rated as Class B-2 per ASTM
. E83-93"7

Elevated test temperatures were obtained with a three-zone elecric resistance split-tube f\irnace with a.
9-inch hot zone. All tests were conducted in air. Because of the difficulty in remotely attaching a
thermocouple directly to the specimen, the following procedure was used to monitor specimeu
temperature. Chromel-alumel thermocouples were inserted in shallow holes in the center and each end
of the gage section of a dummy specimen and in each grip. In the test configuration, with a slight
load on the specimen, a plot of specimen temperature versus upper and lower grip and controller
temperatures was developed over the range of room temperature to 550°F (288°C). The upper grip
was used to control the furnace temperature. During the actual testing the grip temperatures were used
to obtain desired specimen temperatures. Experiments indicated that this method is accurate to

+ 2°F*

~ The yield load, ultimate load, fracture load, total elongation, and uniform elongation were determined
| directly from the load-extension curve. The yield strength, ultimate strength, and fracture swength |
were calculated using the original cross-sectional area. The final diameter and final gage length were
determined from post-fracture photographs. The fracture area used to calculate the fracture stress (true

stress at fracture) and percent reduction in area was computed using the final diameter measurement.

5.2 Charpy V-Notch Impact Test Results

The results of the Charpy V-notch impact tests performed on the various materials contained in
- Capsule W-110, which was irradiated to 1.779'x 10 n/cm’ (E > 1.0 MeV), are presented in Tables
5-1 through 5-6 and are compared with unirradiated results® as shown in Figures 5-2 through 5-5.
~The transition temperature increases and upper shelf energy decreases for the Capsule W-110 materials
are summarized in Table 5-7.

Irradiation of the reactor vessel intermediate shell plate D-3803-1 Charpy specimens oriented with the
longitudinal axis of the specimen parallel to the major rolling direction of the plate (longitudinal
orientation) to 1.779 x 10'° p/cm® (E > 1.0 MeV) (Figure 5-1) resulted in a 30 fi-Ib transition
temperature increase of 180°F and in a 50 ft-Ib transition temperature increase of 190°F. This results
in an irradiated 30 ft-1b wansition temperature c;f 180°F and an irradiated 50 fi-1b wransition
témperature of 210°F (longitudinal orientation). |
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The average Upper Shelf Energy (USE) of the intermediate shell plate D-3803-1 Charpy specimens
(longitudinal orientation ) resulted in an energy decrease of 52 ft-1b after irradiation to 1.779 x 10*°
nfcm’ (E > 1.0 MeV), This results in an irradiated average USE of 103 fi-lb Figure 3-2).

Irradiation of the surveillance weld metal Charpy specimens to 1.779 x 10 n/cm® (E > 1.0 MeV)
’ /
(Figure 5-3) resulted in a 314°F increase in 30 fi-lb ransition temperature and a 50 ft-Ib transition
temperature increase of 355°F. This results in an irradiated 30 ft-1b transition temperature of 229°F

and an irradiated 50 fi-lb transition temperature of 305°F.

The average USE of 'the reactor vessel core regxon weld metal resulted in an energy decrease of 56
fi-Ib after irradiation to 1,779 x 10" n/em? (E > 1.0 MeV). This results in an irradiated average USE
of 62 fi-1b (Figure 5-3).

Irradiation of the reactor vessel weld Heat-Affected-Zone (HAZ) metal specimens to 1.779 x 10"
n/cm’ (E > 1.0 MeV) (Figure 5-4) resulted in a 30 fi-1b transition temperature increase of 240°F and a
50 ft-1b transition temperature increase of 275°F. This results in an irradiated 30 fi-lb transition :
temperature of 150°F and an irradiated 50 ft-1b transition temperature of 210°F.

The average USE of the reactor vessel weld HAZ metal experienced an energy decrease of 35 ft-b
after irradiation to 1.779 x 10" nfcm’ (E > 1.0 MeV). This results in an irradiated average USE of 81
ft-ib (Figure 5-4).

ﬁradiau‘on of the reactor vessel Correlation Monitor Standard Reference Material (SRM) specimens to
1.779 x 10" n/em® (E > 1.0 MeV) (Figure 5-5) resulted in a 30 ft-b transition temperature increase of
148°F and a 50 ﬁ~1b transition temperature increase of iSBf’F. This results in an irradiated 30 ft-1b
transition temperature of 163°F and an irradiated 50 ft-1b transition temperature of 203°F.

The average USE of the reactor vessel Correlation Monitor Standard Reference Material (SRM)
experienced an energy decrease of 34 ft-Ib after irradiation to 1.779 x 10" n/cm® (E > 1.0 MeV). This
results in an irradiated average USE of 99 ft-Ib (Figure 5-5). '

The fracture appearance of each irradiated Cha;py specimen from the various materials is shown in
Figures 5-6 through 5-9 and show an increasingly ductile or tougher appearance with increasing test

temperature.
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A comparison of the 30 fi:1b transition temperature.increases and upper- shél’f"enen:g;ll.v.decreases~{_f6r- the
various Palisades surveillance materials with predicted values using the methods of NRE Régdl&.tO;Y

+ Guide 1.99; Revision 29 is presented in Table 5:8. This comparison indicates:that, the“30‘ft-Ib |
i 5transmon temperanue shift of the surveﬂlance matenals isin’ good agreement ‘with the; Regulatory ‘
‘Guide 1. 99 Revision 2 pred1cuons -and 'the USE decrease of Lhe suweﬂlance matenals -except. the’ weld,
‘metal, is less than the Regulatory Guide 1.99, Revision 2 predictions:

The load-time records :for the individual insrumented Charpy specimen tests are-shown in -Appen;d__,i;{

53 Tension Test Resuls

The results of the fefision tests pérformed on'thie various materials: cbntéjned‘-in‘CéﬁsmeW— 110
irfadidted 1o 1,779 x 10 n/cm’ (E > 1.0 MeV) are presented in Table' 5-9 and are compared with
unmadmed resultsm as shown in Fxgures 5:10 through 5-12,

Theresults of the t_e_qs;ivog‘ testsperformed -on the rinfermedj»éie”s'he_lll‘, plate D+3803-1 (longltudmal
orientation) indicated. that irradiation to-1.779 x 10 n/eim®(E'> 1.0 MeV)-caised an 18 10 23 ksvi}" '

‘ Ainc?:r'éééé:,‘ili‘rﬂié 02 peréent offset yield strength dnd 4 12 to 15.ksi increase in the ltirmats tensile
strength, when compared 'to unirradiated data® (Figure'5-10). |

The results of the tension tests pecformed ofi the survéillance weld inetal indicated tiat irfadiation to
1779 % 10t (B > 1.0 MeV) cansed 8 17 1035 kst increase in the 0/2:percent offset yield
strength:and:a 17 to 27 ksi increase in the ultimate-tepsile strength when c,qn;p'a;e‘.d to uniiradiated
data™ (Figure 5-11); | | |

. The results of- the-tension: tests performed on the heat»a&"ected zone (HAZ): metal mdxcated that.
u'rachanon to 1.779 x 10 n/cm? (E 5 1:0 MeW caused al2 o 20 k51 mcrease in the 0.2 percent

L : offset yxeld su'ength and 4 15 0 17 ksi increase in the ultxmate tensde strengrh when compared 10

.umrradlated data® (F1g11re 5 12)
The fracired tension speciriens for thi stirveillance materials are.shown;in Figures 513 through 5-15.
- The-engineering stress-swain curves for the tensile tests are shown in Figures 516 through 5-21.
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TABLE 5-7

Effect of Irradiation to 1.779 x 10* n/cm?® (E > 1.0 MeV)

on the Notch Toughness Properties of the Palisades Reactor Vessel Surveillance Materials

Average 30 ft-1b (a) Average 35 mil (a) Average 50 fi-ib' Avernge Energy_Ahsorplloh
Transition Temperature (°F) Lateral Expanslon Temperature (°F) Transition Temperature (°F) at Full Shear (ft-1b)
Material

Unirradiated Irradiated AT Unirradiated | Irradiated aT Unirradlated Irradiated AT Unirradiated Irrudinted
Plate D-3803-1 0 ' 180 180 5 200 195 20 210 190 155 103 -52
Weld Metal -85 229 314 <75 280 355 -50 305 355 118 62 -56
HAZ Metal -90 150 240 =55 187 242 -65 210 275 116 81 -35
SRM 01MY 15 163 148 23 192 167 45 _ 203 158 133 99 .34

(8) "Average” is defined as the value read from the curve fit through the data points of the Chaspy tests {see Figures 5-1 through 5-4).




€15

o _TABiE 58 -

Companson of the Palisades’ Survetuauce Matenal 30 ft-lb ’I‘ransmon Temperature |

thfts and Upper Shelf Energy Decreases thh Regulatory Gunde I 99 Revxsmn 2 Predlcnons

30 ft-1b: Transxtmn
7 Temperatm (3 Sinft

| _upper;ss‘;’élf-:i;:fneng'yﬂ :

Decrease' -

g Capsmé;

- Fluence
(10" u/cm '
 E>LOMeY): |

| Pn ed:cteds (a)

'zMéaéuifede
CR

Pl edicted: (d)

(%

RO §

Plite: Df3803 1| A0

60"

3

a0 -

PlateD3803_1 TR
(Longltudmal) o

180 | 180

RS

EE R

A-240‘ '

o waso | 1oy T . 38"

1 oweio

| 1779'_1

R . R

w—uof |

l 779

(a) Based on: Regnlatory Gu:de i1 99 Revxslon 2 methodology

ok See Refer,enoe}tz.. =

‘Measured

N




-150 -100 -30 0 30 100 150. 200 250
[ l
100
S 80
% 60
Lt
% 40 b
20
0 l o
100 25 -
£ 80~ - 20
. 40 -1 -
J ‘
< 2 - - 05
0 ’ 0
200
180 — ~— 240
160
- 200
L M0 |
Q" .
7120 — -1 160
& 5
- 100 - 120 ~
2 8 |-
-4
“ 60— — 80
i 40
20 — ‘
0 l 0
-200 -100 0 100 200 - 300 400 300
gs;n , ~ TEMPERATURE (°F) . '
O WNIRRADIATED
© DRRADIATED TO A FUENCE OF 1779 x 1%/cn2 € ) 10 teW)
Figure 5-2 Charpy V-Notch Impact Properties for Palisades Reactor Vessel Intermediate Sheil

Plate D-3803-1 (longitudinal orientation)

5-16



I

BWXT Services, Inc.

ANALYSIS OF CAPSULE W-100 FROM THE
NUCLEAR MANAGEMENT COMPANY PALISADES
REACTOR VESSEL MATERIAL SURVEILLANCE
PROGRAM

FEBRUARY 2004

1295-001-03-08:00 FEBRUARY 2004
- I R S S



BWXT Services, Inc. Analysis of Palisades Capsule W-100 ' 4

4.0 DESCRIPTION OF THE PALISADES REACTOR
VESSEL SURVEILLANCE PROGRAM

Prior to initial plant start-up, ten surveillance capsules were inserted into the Palisades reactor vessel
near the reactor vessel wall as shown in Figure 4-1. The capsules contain specimens made from
intermediate shell plate D-3803-1, heat-affected-zone (HAZ) metal fabricated by welding intermediate
shell plates D-3803-2 and D-3803-3 with submerged arc process using Linde 1092 flux, and weld metal
fabricated by welding intermediate shell plates D-3803-1 and D-3803-2 with submerged arc process’

~ using Linde 1092 flux and a MIL-B4 electrode and a 1/16-inch diameter Nickel-200 wire feed. Capsule

W-100 was removed after 16.93 effective full power years (EFPY) of plant operation. This capsule
contained Charpy impact and tensile specimens made of intermediate shell plate D-3803-1, submerged
arc weld metal, and HAZ metal as describe above. All test specimens were machined from material
taken at least one plate thickness from any water quenched edge.

The surveillance plate material was cut directly from the intermediate shell course plate after being
subjected to 1.75 hours of interstage and 30 hours of final heat treatment at 1150 % 25°F. Charpy impact
specimens from surveillance plate D-3803-1 were machined in the longitudinal orientation (longitudinal
axis of the specimen longitudinal to the major working direction). The weld Charpy impact specimens
were machined from the weldment such that the long dimension of each Charpy specimen was
perpendicular to the weld direction. The notch of the weld metal Charpy specimens was machined such
that the direction of crack propagation in the specimen was in the welding direction. Tensile specimens
from surveillance plate D-3803-1 were machined with the major axis both in the tangential and
longitudinal orientations. Tensile specimens from the weld metal were oriented with the long dimension °
of the specimen perpendicular to the weld direction. :

The chemical compositions of the surveillance materials are presented in Table 4-1. The chemical
analysis reported in Table 4-1 was obtained from unirradiated material used in the surveillance program

[31.

Capsule W-100 contained dosimeter wires of uranium, sulfur, iron, nickel, titanium, and copper.
Cadmium covers were used for materials that have competing thermal activities (i.e., uranium, nickel,
and copper). Dosimeters are used to detemnne flux spectrum and flux attenuation through the thickness
of the Charpy specimens.

The temperature monitor assemblies consist of four separate coil-shaped monitors, each of different
composition and thus havmg different melting points. They are identified by varying capsule lengths,
with melting temperatures increasing with increasing capsule length. The alloys compositions and
melting points are listed as follows.

Composition ' Melting Point
92.5% Pb, 5.0% Sn, 2.5% Ag . 536°F
90.0% Pb, 5.0% Sn, 5.0% Ag 558°F

- 97.5% Pb, 2.5% Ag ’ : 580°F
97.5% Pb, 0.75% Sn, 1.75% Ag 590°F

The arrangement of the various mechanical specimens, dosimeters, and thermal monitors contained in
Capsule W-100 is shown in Figure 4-2.



BWXT Services, Inc.

Analysis of Palisades Capsule W-100

TABLE 4-1
Chemical Composition (wt%) of the Palisades Reactor Vessel Surveillance Materials™
Weld Weld Weld Weld
mieme | D3w0s1 | Dot | passs | DY | DY | D | Doty
Root Face Root Face -
Si 0.23 0.32 0.24 024 0.25 0.25 0.22
0.019 0.021 0.020 - 0.009 0.010 0.010 0.010
P 0.011 0.12 0.010 0011 0.012 0.011 -0.011
Mn 1.55 1.43 1.56 1.08 ~ 1.03 . 1.01 1.02
C 0.22 0.23 0.21 0.098 0.080 0.088 0.086
Cr 0.13 042 0.13 0.05 0.04 0.05 0.03
Ni 0.53 0.55 0.53 043 1.28 0.63 1.27
Mo 0.58 0.58 0.59 054 0.53 0.55 0.52
Al(T) 0.037 0.022 0.037 Nil Nil Nil Nil
v 0.003 0.003 0.003 Nil Nil Nil Nil
Cu 025 0.25 025 0.25 0.20 0.26 022
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N
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Table 6-1. .

Charpy Impact Data for the Palisades W-100 Capsule Plate D-3803-1

Specimen Number | Temperature, °F Impact Energy, Lateral Shear Fracture, %
‘ ft-lb Expansion, mils
Transverse

213 70 9.5 2 0
255 110 14.0 7 5
25E 150 27.5 19 20
25B 200 44.0 32 40

25D 225 52.5 39 50
211 240 50.0 36 50
257 250 71.5 54 70
256 260 69.0 47 90
214 270 71.0 54 95
25A 285 77.0 .56 100
25C 300 76.5 63 100
212 325 67.5 56 100

: Longitudinal

152 70 5.5 1 0
151 110 14.0 7 5
153 130 29.5 18 25
157 175 44.0 27 40
15A 200 45.0 34 45
154 225 74.4 51 70
15Y 250 86.5 50 85
156 260 730 - 50 80
15C 270 102.0 57 95
15B 280 100.5 58 100
15U 300 104.5 72 100
155 325 101.0 68 100
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Table 6-3.

Comparison of Palisades Surveillance Material (Capsule W-100) 30 ft-1b Transition Temperature Shifts

(Position 2.1) and Upper Shelf Energy Decreases with Regulatory Guide 1.99 Revision 2 Predictions

Material { Unirradiated { . Capsule Measured Predicted Unirradiated { Capsule | Predicted USE
30 ft-Ib W-100 30 ft-1b 30 ft-1b Temp. USE W-100 (ft-1b)
“Temp. 30 ft-b Temp. Shift Shift (ft-Ib) USE
P Temp. ('F) (F) (ft-1b)
. CF) v ;
: D-3803-1 . ~
Transverse 183 160.8 1425 189.1 101.6 73.0 61.7
D-3803-1
Longitudinal -05 158.6 159.1 189.1 154.8 102.0 93.8
Weld Metal -86.6 218.8 305.4 * 117.7 51.8 63.7
HAZ Metal -89.6 1014 191.0 ok 115.5 59.7 o

*Could not be calculated because RG 1.99 Rev 2 Table 2 does not provide chemistry factors for base metals with Ni content

greater than 1.2 wt%.
** The RG 1.99 Rev 2 CF tables do not cover HAZ metal

Table 6-4.
~ Tensile Properties of the Palisades Capsule W-100 Materials

Reduction

Fracture Uniform

Material | Specimen | Test 0.2% Ultimate | Fracture | Fracture Total
Number | Temp Yield Strength Load Stress Strength | Elongation | Elongation in Area
. Strength (Ksi) (Kip) (Ksi) (Ksi) (%) (%) (%)

CF) (Ksi)

HAZ 4JK 70 92.0 106.3 3.60 175.9 734 6.0 N/A 58.3
413 200 88.6 101.3 - 347 1714 70.7 4.9 N/A 58.8
4JE 550 83.1 - 989 3.84 146.8 78.2 4.3 N/A 46.7
D-3803- 1J1 70 89.8 108.2 351 190.6 714 10.8 23.8 62.5
1 IEY 250 83.0 10L.7 335 169.9 68.3 9.9 21.6 59.8
| (Long.) 1E7 550 76.7 98.3 3.53 150.1 71.9 8.8 19.2 52.1
Weld DT 70 1017 115.0 4.52 192.1 92.0 117 235 52.1
Metal 3DP 300 96.4 109.7 4.59 167.1 93.5 9.4 16.6 44.0
iDM 550 929 - 109.8 4,78 178.6 97.3 79 13.6 455

NA: Specimen failed outside the gage length.
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500

Data Set(s) Plotted
Plant ‘Capsule Material Ori. Heat #
PALISADES UNIRR SA302BM TL C-1279-3
PALISADES W-290 © SA302BM TL C-1279-3
PALISADES W-100 SA302BM TL C-1279-3
PALISADES A-240 SA302BM TL C-1279-3
120
(o]
b o)
100
[ ° o
2 ! D ) ° a
2 80 O
8 ’p’ g
DO |
uo__ . o q'l Ooo ...... 7 QN 1‘3 _____ . S——
? 60 e ‘ = 'l'! 4 - » o
5 ‘g’o o Q
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D ':ll 1"
3 40 l Vs
7 /."’A
£
-200 -100 0 100 2Q0 300 400
Temperature in Deg F
o Set1 o Set2 ¢ Set3 s Set4
Results
" Fluence LSE USE d-USE T @30 d-T @30 T @50 d-T @50
0 2.2 101.6 .0 18.3 .0 49. 1 .0
9. 26E18 2.2 83.8 -17.8 176.3 158.0 202.5 153. 4
2. 09E19 2.2 73.0 -28.6 160. 8 142.5 206. 3 157.2
4.01E19 2.2 68. 4 212.6 194. 3 - 265.1 216.0

-33.2¢

Flgure 6-1. Charpy Impact Energy vs. Temperature for Palisades Surveillance
Plate D-3803-1 (Transverse Orientation)
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Data Set(s) Plotted
Plant Capsule Material Ori. Heat #
PALISADES UNIRR SA302BM TL C-1279-3
PALISADES W-290 SA302BM TL C-1279-3
PALISADES W-100 SA302BM TL C-1279-3
PALISADES A-240 SA302BM TL C-1279-3
100
80
2
E
S 60
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=
8
| 1
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3
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(o]
0 ,_9..—/‘
-200 -100 0 100 200 300 400
Temperature in Deg F
© Set1t o Set2 ¢ Set3 & Set4d
_ Results
Fluence LSE  USE d-USE T @35 d-T @35
0 .0 78.6 .0 23.5 .0
9. 26E18 .0 69. 3 -9.3 181.7 158.2
2. 09E19 .0 57.3 -21.3 205.9 182.4
4.01E19 .0 66.3 -12.3 195.7

219.2

Figure 6-2. Lateral Expansion vs. Temperature for Palisades Surveillance

Plate D-3803-1 (Transverse Orientation)
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Data Set(s) Plotted
Plant Capsule Material Ori. Heat #
PALISADES UNIRR SA302BM TL C-1279-3
PATISADES W-290 SA302BM TL C-1279-3
PALISADES W-100 SA302BM TL C-1279-3
PALISADES A-240 SA302BM TL C-1279-3
120
4
100 © = ae;i;:&—ﬁ% ———
5
80 e U;" :";.
; 3 ’v :',-' A
- / /R
»n J foi S
£ 60 73
8 [
5 BI04
e L :', ' ;l A ~
40 o o
4 ’ﬁ' 5‘. ".’
20
0 -9 — -t "
-200 -100 0 100 200 = 300 400 500
Temperature in Deg F
o Set1 o Set2 o Set3 4 Set4
Results
Fluence LSE USE d-USE T @50 d-T @50
] .0 100.0 .0 85.5 .0
9.26E18 .0 100.0 .0 193.6 108. 1
2. 09E19 .0 100.0 .0 218.7 133.2
4.01E19 .0 100.0 0 243.5 158.0

Figure 6-3. Percent Shear vs. Temperature for Palisades Surveillance .
Plate D-3803-1 (Transverse Orientation)
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Data Set(s) Plotted
Plant Capsule  Material Ori. Heat # |
PALISADES  UNIRR SA302BM LT C-1279-3
PALISADES - W-290 SA302BM IT C-12703
PALISADES  W-110 SA302BM LT C-1279-3
PALISADES  W-100 SA302BM LT C-1279-3 .
PATISADES A-240 SA302BM LT C-1279-3
200
175 =
! (o)
150

Ty
N
14)]

~
[34]

CVN Energy Foot-lbs
8

a
o

25

-

-200

o Seti

Fluence
0
9. 26E18
1. 66E19
2. 09E19
4.01E19

-100 0o 100 200 300 400 500

: Temperature in Deg F
o Set2 © Set3 2 Set4 v Setb
Results

LSE USE d-USE T @30 d-T @30 T @50 d-T @50
2.2 154.8 -0 -.5 .0 25.3 .0
2.2 112.3 -42.5 176.3 176.8 198.0 ¢ 172.7
2.1 102. 7 -52.1 179.0 179.5 203.5 178.2
2.2 102.0 -52.8 158. 6 159. 1 190. 4 165.1
2.1 92.3 -62.5 204. 6 205. 1 243.0 217.7

Figure 6-4. Charpy lmphct Energy vs. Temperature for Palisades Surveillance

Plate D-3803-1 (Longitudinal Orientation)
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Palisades Nuclear Plant - Base (Long.)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 02/03/2004 09:51 AM

Data Set(s) Plotted
Curve Plant Capsule Material Ori. ‘Heat # -
1 PALISADES UNIRR SA302BM LT C-1279-3
2 PALISADES W-290 SA302BM - LT C-1279-3
3 s PALISADES W-110 SA302BM LT C-1279-3
4 PALISADES W-100 SA302BM LT C-1279-3
5 ‘PALISADES A-240 SA302BM LT C-1279-3
100
(e} O
1
80
2
E ] o
S 60
2 8
g
B 40 %
&
q ]
s /
20
0 o '
0 T e‘_" + =5 4~ —t -t +
-200 -100 0 100 200 300 400 500
: Temperature in Deg F
© Set1 o Set2 © Set3 4 Set4 v Setb
. Results
Curve * Fluence LSE USE d-USE T @35 aT@35 .
1 0 .0 87.8 . .0 10.0 .0
2 9. 26E18 .0 - 81.0 _-6.8 186.9 176.9
3 1. 66E19 .0 75.3 -12.5 190.0  180.0
4 2.09E19 . .0 63.8 -24.0 195.7 185. 7 )
5 . 4.01E19 .0

80.0 -7.8 214. 4 204.4

Figure 6-5. Lateral Expansion vs. Temperature for Palisades Surveillance |
Plate D-3803-1 (Longitudinal Orientation)
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~ Palisades Nuclear Plant - Base (Long.)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 02/03/2004 09:50 AM -
Data Set(s) Plotted
Curve Plant Capsule ‘Material Ori. ‘Heat #
1 PALISADES UNIRR SA302BM LT C-1279-3
2 PALISADES W-290 SA302BM - LT C-1279-3
3 - PALISADES W-110 SA302BM LT C-1279-3
4 PALISADES W-100 SA302BM LT C-1279-3
5 PALISADES A-240 SA302BM LT - C-1279-3
120 '
100

®
Q

Percent Shear
o
©

40
20
0 o PN P 4 - 4 + +—
-200 ~100 0 100 200 300 400 500
' Temperature in Deg F ‘
o Set1 o Set2 ¢ Set3 . A Set4d v Setb
Results
Curve Fluence LSE USE d-USE T @50 d-T @50
1 0 .0 100.0 .0 75.0 .0
2 9. 26E18 .0 100.0 .0 203.5 °  128.5
3 1. 66E19 .0 100.0 .0 220.5 145.5
4 2. 09E19 .0 100.0 .0 195.7 120. 7
5 4. 01E19 .0 100.0 .0 231.0 156.0

Figure 6-6. Percent Shear vs. Temperature for Palisades Surveillance
' Plate D-3803-1 (Longitudinal Orientation)
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W-100 PLATE (LONGITUDINAL)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 01/08/2004 10:29 AM
Page 1 ‘
Coefficients of Curve 1 .
A=521 B=499C=73.2 T0=193.41 D= 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=102.0(Fixed) Lower Shelf Energy=2.2(Fixed)
Temp@30 ft-lbs=158.6 Deg F Temp@50 ft-1bs=190.4 Deg F
Plant: PALISADES Material: D-3803-1  Heat: C-1279
Orientation: LT ~ Capsule: W-100 Fluence: 2.09E19 n/cm”2
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Temperature in Deg F

Charpy V-Notch Data

Temperature Input CVN Computed CVN

70.00 5.50 5.51
110.00 14.00 o 11.47
150.00 29.50 25.55
175.00 44.00 39.81
200. 00 45.00 56.58
225.00 74.50 ‘ 72.39
250.00 '86.50 s - 84.47
260. 00 73.00 : 88.08

270.00 ' 102. 00 91.04
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W-100 PLATE (LbN GITUDINAL)

Page 2
Plant: PALISADES Material: D-3803-1 - Heat: C-1279
Orientation: LT  Capsule: W-100 Fluence: 2.09E19 n/cm”2

~

Charpy V-Notch Data
Temperature Input CVN- Computed CVN Differential
280.00 100.50 93. 44 7.06
300. 00 104.50 96. 86 7.64
325.00 101.00 99.33 1.67

Correlation Coefﬁ;ient =.978




[\

4

120
100
80
|
©
o
L
b 60
€
5 /
2 .
& 1 o
40 ©
(o]
20 /
L _/ (o]
0 e , ,
0 100 . 200 " 300 400
Temperature in Deg F
Charpy V-Notch Data
Temperature Input Percent Shear Computed Percent Shear Differential
70.00 .00 4 2.25 -2.25
110.00 5.00 ‘ 7.11 -2.11
‘'150. 00 25.00 20.28 4.72
175.00 40.00 35.01 4.99
200.00 45.00 : : 53.28 -8.28
225.00 70.00 70.71 -.71
250.00 85.00 83. 64 1.36
260.00 80.00 87.34 -7.34
4.69

W-100 PLATE (LONGITUDINAL)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 01/08/2004 10:30 AM
Page 1
Coefficients of Curve 1
A =50, B=50.C=66.65 T0=195.62 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Temperature at 50% Shear = 195.7
Plant: PALISADES  Material: D-3803-1  Heat: C-1279
Orientation: LT  Capsule: W-100 Fluence: 2.09E19 n/cm*2

270.00 95.00 ‘ 90.31




W-100 PLATE (LONGITUDINAL)

- Page 2
Plant: PALISADES Material: D-3803-1  Heat: C-1279
Orientation: LT ~ Capsule: W-100 Fluence: 2.09E19 n/cm"2 -

Charpy V-Notch Data
Temperature Input Percent Shear Computed Percent Shear ‘ Differential
280. 00 100. 00 ' 92.63 ' 7.37
» 300. 00 100.00 95.82 4,18

325.00 100.00 97.98 2.02

Correlation Coefficient = 992




' W-100 PLATE (LONGITUDINAL)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 01/08/2004 10:35 AM

A=319 B=31.9C=73.39 TO=188.47 D = 0.00E+00

Page 1

Coefficients of Curve 1

Equation is A + B * [Tanh((T-To)/(C+DT))]

Upper Shelf L.E=63.8(Fixed) .

Temp.@L.E. 35 mils=195.7 Deg F

Plant: PALISADES*  Material: D-3803-1
Orientation: LT  Capsule: W-100

Lower Shelf L.E.=.0(Fixed)

* Heat: C-1279
~ Fluence: 2.09E19 n/cm”2
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100 200
Temperature in Deg F
Charpy V-Notch Data

- InputL.E. | Computed
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W-100 PLATE (LONGITUDINAL)

_Page 2
Plant: PALISADES Material: D-3803-1 Heat: C-1279
Orientation: LT  Capsule: W-100 Fluence: 2.09E19 n/cm”2

Charpy V-Notch Data
Input LE. Computed L.E.
58.00 58.94
72.00 60. 89
68.00 62.29

Correlation Coefficient = 981

Differential

-.94
11.11
5. 71




W-100 PLATE (TRANSVERSE)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 01/08/2004 10:37 AM
Page 1
Coefficients of Curve 1
A=37.6 B=354C=7792 T0=177.79 D = 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
Upper Shelf Energy=73.0(Fixed) Lower Shelf Energy=2.2(Fixed)
Temp @30 ft-1bs=160.8 Deg F Temp@50 ft-1bs=206.3 Deg F
Plant: PALISADES  Material: D-3803-1  Heat: C-1279
Orientation: T~ Capsule: W-100 Fluence: 2.09E19 n/cm*2
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Temperature in Deg F
Charpy V-Notch Data
Temperature Input CVN Computed CVN Differential
70. 00 9.50 6.39 3.11
110.00 14.50 12.77 1.73
150.00 27.50 25.48 2.02
200.00 44.00 47.42 -3.42
225.00 52.50 56.76 -4.26
240.00 50.00 61.07 -11.07
250.00 71.50 63.41 8.09
260.00 69.00 65. 34 3.66
270.00 71.00 66.93 4.07




W-100 PLATE (TRANSVERSE)

Page 2
Plant: PALISADES Material: D-3803-1  Heat: C-1279
Orientation: TL  Capsule: W-100 Fluence: 2.09E19 n/cm”"2

Charpy V-Notch Data

Temperature Input CVN _ Computed CVN Differential
285.00 77.00 68.75 g8.25
300. 00 76.50 . 170.05 6.45
325.00 67.50 71.42 -3.92

Correlation Coefficient = .970
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W-100 PLATE (TRANSVERSE)

CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printed on 01/08/2004 10:38 AM
: Page 1
Coefficients of Curve 1
A =50. B=50.C=58.39 T0=218.6 D= 0.00E+00
Equation is A + B * [Tanh((T-To)/(C+DT))]
" Temperature at 50% Shear =218.7 ,
Plant: PALISADES = Material: D-3803-1  Heat: C-1279
Orientation: TL.  Capsule: W-100 Fluence: 2.09E19 n/cm"2

400

120
100 1+ O G—© :
o) L
y

80
b 4 .
8 )
£
cn ]
€ 60
@
= , o o
-]
2 .

40 ﬁ/

20 o /

/
0 r =] + ' 4
0 100 200 300
’ Temperature in Deg F
Charpy V-Notch Data
Temperature Input Percent Shear Computed Percent Shear Differential
70. 00 .00 .61 -.61
110.00 5.00 2.37 © 2.63
150.00 20.00 . 8.71 11.29
200.00 40.00 34,59 5.41
225.00 50.00 _ 55.46 -5.46
240.00 50.00 : 67.55 -17.55
250.00 © 70.00 74.56 -4.56
260. 00 950.00 80.50 9.50
9.

270. 00 95.00 ¢ 85.33




Temperature

285.00
300.00
325.00

W-100 PLATE (TRANSVERSE)

Page 2
Plant: PALISADES Material: D-3803-1 . Heat: C-1279
Orientation: TL  Capsule: W-100 Fluence: 2.09E19 n/cm”2

Charpy V-Notch Data
Input Percent Shear - Computed Percent Shear
100.00 90.67
100. 00 ‘ 94.20
100.00 97.45

Correlation Coefficient = 975

Differential

9.33
5.80
2.55
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Charpy V-Notch Data
Temperature ) Input L.E. Computed L.E.
70.00 2.00 2.55
110.00 7.00 ' 6. 64
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CVGRAPH 5.0.1 Hyperbolic Tangent Curve Printéd on 01/08/2004 10:39 AM
' . Page 1 .
Coefficients of Curve 1

A =28.65 B=28.65C="77.19 T0=1884 D = 0.00E+00
Equation is A + B * (Tanh((T-To)/(C+DT))]
Upper Shelf L.E.=57.3(Fixed) Lower Shelf L.E.=.0(Fixed)
- Temp.@L.E. 35 mils=205.9 Deg F o
Plant: PALISADES  Material: D-3803-1  Heat: C-1279
Orientation: TL  Capsule: W-100 Fluence: 2.09E19 n/cm”2
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' Temperature in Deg F
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Temperature
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W-100 PLATE (TRANSVERSE)

= Page 2 _
Plant: PALISADES  Material: D-3803-1  Heat: C-1279
Orientation: TL  Capsule: W-100 Fluence: 2.09E19 n/cm"2

Charpy V-Notch Data
Input L.E. , Computed L.’E.
56.00 52.96
63.00 54.29
56.00 55.68

Correlation Coefficient = .973

Differential

3.04
8.71
.32




